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[57] ABSTRACT 

A dynamic color separation display CRT having an electron 
beam forming structure for beam generation and electro- 
static impingement control. The electron gun forms a group 
of election beams and includes a multi-£^erture Gl grid for 
receiving the electron beam group. The group of election 
beams oveiiap and combine to provide an impingement 
pattern that matches a primary color stripe without use of a 
shadow mask when focused on the output screen surface. An 
alternate piefiened embodiment includes a grooved cathode 
to control the size, shape, and profile of the emitted beam. 

9 Claims, 15 Drawing Sheets 
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ELECTRON BEAM GENERATION AND 
CONTROL FOR DYNAMIC COLOR 
SEPARATION 

CROSS REFERENCE TO RBLAIED ^ 
APPUCAnON 

This application is a division of application Ser. No. 
08/162,635. filed Dec. 3. 1993. now U.S. Pat No. 5.399.947. 
which is a division of application Ser. No. 07/863380, filed lo 
Feb. 18. 1992. now U.S. Pat No. 5.291,102, which was a 
continuation-in-part of U.S. application Ser. No. 07/596, 
353. whidi was filed on Oct ll 1990. now abandoned. 

TECHNICAL FIELD IS 

This invention relates to the electrically contxDlled gen- 
eration or reproduction of color displays based on a com- 
posite video input signal providing information as to the 
timing or synchronization, the luminance or brightness 
content, and the chrominance.or color content of the display 
output The technique employed is that of dynamic color 
s^aration wherein an energy beam is directed in a repeated 
and prescribed sequence over the fonnat of the display 
smen area only to those colors required to be produced. 25 
thereby providing a high efficiency display. 

BACKGROUND 



This invention will be described in relation to the video 
content of the NTSC TV signal. However, NTSC transmis- 
sion includes gamma (y) correction for typical CRT beam 
drive non-linearity. This feature is not patinent to some 
color separation methods and it is to be understood that 
gamma correction will not apply herein except where 
showa NTSC is well known and there are numerous meth- 
ods by which the signal may be separated into three funda- 
mental components of timing (sync), luminance (Y) and 
chrominance (C), The NTSC signal may be further con- 
vened into the display outputs components which are equal 
brightoess. the means by ^ch the eye sees the intensity 
ou^ut of the display, and into its dominant hue (H) and 
degree of saturation (S), which are the two components by 
which the eye recognizes color content (its chroraaticity) of 
a scene. The method of generation of the display, however, 
relies on the provision of tiu-ee primary colors, red (R), green 
(G) and blue (B), which have become the universal standard 
for providing a full range of color content 

Several methods of color display are known in the art 
These include the well known shadow mask and CRTs 
employing beam penetration phosphors. A third system uses 
a separate CRT for generation of each color and the three 
components must be mechanically and optically superim- 
posed exactly to register the three outputs to provide a single 
full color display. These methods each have distinct disad- 
vantages with respect to parameters such as bulk, complex- 
ity, and cost and performance characteristics such as lumi- 
nous output efficiency, resolution, and display accuracy. 

Another type of system, most of which were unsuccessful 
and eventually abandoned, are known as indexing systems. 
These systems failed, generally, because of technical 
requirements, the importance of which were not recognized, 
or because die ait was not sufficicntiy advanced to meet the 
systems' needs. 

A large majority of these indexing systems rely on a 65 
technique known as sequential color separation (SCS). SCS 
depends upon the scan of an electron beam in a cathode ray 
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tube across a sequential pattern of triads of primary color . 
phosphors (e.g., red. green and blue). Th& control signals for 
each of these colors turn on the beam in the proper sequence 
for each phosphor position, and this must be very precisely 
controlled to provide faithful color rendition. The function 
of indexing is to provide this precise beam position control 
which, in uniform raster scan applications, implies precise 
time control. 

Because SCS implies a single beam which passes sequen- 
tially across all colors, even if a particular color is not to be 
produced, this technique has a fundamental limitation in 
beam energy efficiency of 17%. This efficiency is compa- 
rable to that of the shadow mask techniques and prevented 
"indexing" from achieving the advantages over other meth- 
ods which were expected of it Attempts to use beam 
velocity modulation to improve efficiency were not compat- 
ible with otiier requirements specifically including die meth- 
ods for indexing then used. As a result, these SCS systems 
failed to become competitive. 

Other proposed displays departed from SCS but never 
achieved the reality of production. These had in conunon the 
concept of dynamically directing the beam (necessarily at 
high speeds for TV) only to the colors to be reproduced in 
each color triad. Tfais concqpt has the possibility of a beam 
efficiracy readiing 100% and in addition permits use of 
more than one beam, both thereby providing means to 
generate a very bright, high resolution output This caacept 
has basic feamres distinctiy diffisrent from SCS. and the term 
"dynamic color separation" (DCS) is introduced herein to 
describe this mode of color separation. 

The art of indexing-type color receivers has been sub- 
stantially dormant for many years except for a minor recent 
revival of interest in small displays using SCS. During this 
interval, a substantial variety of improvements has been' 
made in fields unrelated to SCS or DCS displays. A sub- 
stantial number of improvements, related to the B/W func- 
tions of the display or to in^iroved signal control means such 
as solid state and IC circuits, which are desirable to obtain 
the performance required to make a DCS display successful, 
have had no suggestion of applicability in this field. 

With respect to the color display functions, a principal 
DCS signal processing function is conversion from input 
composite video (CV) to luminance Y, and R, G, and B 
signals, or to equal brightness monochrome M and satura- 
tion S signals, and furtiierfrom S to hue phase (1) or derived 
voltage (HV) and saturation voltage (SV) control signals. 
The first is well known in the art, and the second (M and S) 
is not so well known but was first derived by B. D. Loughlin. 
and a detailed description relating them directly to DCS may 
be found in U.S. Pat No. 3.312,779 (Washburn). 

Prior art employing waveforms providing feature essen- 
tial to DCS in a color display are to be found in U.S. Pat. No. 
2,989,582, ^worykin et al) which describes excessively 
complicated ramp waveforms; U.S. Pat Nos. 2,966,544, 
3,004.098 and 3,096,095 (Gargini) which disclose a satura- 
tion signal amplitude modulated ramp waveform for DCS; 
U.S. Pat No. 3,312,779 (Washburn) which en^loys both the 
amplitude modulated ramp and a saturation signal time 
modulated, dual slope beam arrest ramp for DCS; and U.S. 
Pat. No. 3,431,456 (Liebscher) which describes a three beam 
system employing a fixed amplitude beam arrest ramp for 
DCS. U.S. Pat. No, 3,914,651 (Washburn) divided from 
above U.S. Pat. No. 3.312,779 also describes electron gun 
structures suitable for DCS application and compatible with 
improvements herein. . 

There are a substantial number of prior art systems which 
use the chrominance component C of composite video to 
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velocity modulate the beam, thereby to provide a degree of 
color brightness enhancement. Because C is a function of 
signal luminance Y, it can not perform color separation 
which is a function only of display format dimensions and 
scan timing and which must be independent of display 5 
luminance or brightness content. The saturation signal S, 
which is independent of luminance can provide color sepa- 
ration control independently of luminance Y or monochrome 
M content of the display. Basic color separation using C, of 
which U.S. PaL No. 3,983,165 (Sunstein) is a idativdy 
recent exan^)le is, however, still SCS. 

There are prior systems which use miscellaneous fixed 
waveforais for deflection of the electron beam across hori- 
zontally oriented stripes, which is also SCS. There is no 
prior art teaching employing DCS for either of these two 
examples. 

The above DCS techniques all employ frequency or time 
control to control the position of the beam. Thus, Sworykin 
uses an index pulse as a direa sync signal (sequentially) at 
each triad. Gaigini develops a heterodyned, or beat fre- 
quency, signal (as do many SCS systems) controlled by the 
index signal system. This method of time/position control, 
which has been a preferred choice for SCS, confiicts with the 
modulation of the beam velocity and even more directly 
with DCS because hue position selection demands selective 
movement of the beam across the color triad of each pixel. ^ 
This movement is controlled by the phase shift of chromi- 
nance or S (independent of luminance), whereas the index 
signal should generate a reference signal having constant 
phase. There is no prior art teaching which eliminates this 
problem. 30 

Sunstein' s purpose (as is Gargini*s) is to ameliorate this 
problem, and reference is made to Columns 2 and 3 of the 
above Sunstein patent for a background discussion of the 
problems of such prior art Leibscher also describes his three 
beam system using an index generated frequency control 35 
signal. It is readily apparent that when the DCS beam arrest 
is working satisfactorily, both the amplitude and frequency 
content of the index signal disappear in this disclosed 
system. In Washburn, time shifts sequentially between DCS 
acdon and position control (APC) acdon, thereby making 40 
the functions peifonn independently. This method intro- 
duces circuit complexity but has the more significant dis- 
advantage that it introduces low frequency dead space into 
the display. The eye is more sensitive to this low frequency 
content than to otherwise normal pixel stmcture. Thus, prior 45 
an discloses no posidon control means which are well suited 
to work with DCS. 

In summary, there had been much initial interest in SCS 
indexing color TV receivers because they appeared to be 
simpler and to provide higher performance— especially a 50 
higher resolution display. SCS, however, proved to have low 
light output efficiency, and methods to increase light output 
also increased complexity and cost. The very factors which 
allow increased resolution also add to the difficulties of 
achieving high brightness and require high precision in 5S 
control of the beam to provide output color fidelity. Some 
basic concepts, especially dynamic color separation (DCS) 
wavefonns which increase brightness efficiency, were intro- 
duced. These methods, however, all had deficiencies in 
generating a satisfactory display which were never recog- 60 
nized or overcome because attempts to develop "indexing 
systems" were abandoned. This has remamed the simation 
for the past twenty years. During this interval demand for 
higher performance, resolution, size, brightness, etc. have 
increased, and economical solutions have not appeared. 65 
Recent introduction of various aspects of HDTB is one 
example of such recent demand. 
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SUMMARY OF THE INVENTION 

In accordance with the invention, a DCS display system 
includes a timing circuit which produces a set of unique 
signals for correcting enors produced when hue is controlled 
by the phase of the (S) signal and the degree of saturation 
with its amplitude. In a basic DCS system, the electron beam 
in a CRT is controlled to impinge on red, green or blue 
phosphors in prescribed amounts to generate a desired color. 
It should be noted at this point that the color producing beam 
or beams may be any of several types of beams, an electron 
beam being only one example. Another example is a laser 
beam. Similarly, the phosphors may be replaced by other 
elements which respond to the beam to pcochioe the piimaiy 
colors. 

This invention discloses a number of embodiments which 
generate dynamic color separation waveforms used to con> 
trol one or more directed energy beams to provide improved 
color displays. The embodiments describe simple low cost 
displays, very high performance "direa view" displays, and 
large, bright high performance electro-optical projection 
displays. They describe a number of unique DCS system 
arrangements for accomplishing these purposes. And they 
describe the ancillary items and functioning elements essen- 
tial to provide workable examples of each embodiment 

The invention teaches that a very high degree of precision 
in beam control is required to provide adequate color fidelity 
and that prior disclosed systems have enors and/or control 
deficiencies which preclude an acceptable color display. 
Accordingly, a number of beam control features and circuit 
function elements are introduced, each being selected for 
compatibility with the objectives of the particular embodi- 
ment 

A principle ancillary function of the invention is beam 
position control (APC) by means of an "index" generated 
signal. Unique APC circuits and indexing patterns are 
described, each suitable to operation with specific DCS 
embodiments. 

A second function is display format area error correction 
control. Position error is inherent in beam deflection over the 
format, and correction methods are provided. There are also 
beam distortion errors. Unique multi-beam forming arrange- 
ments are introduced to provide a beam pattem to match the 
basic color paUem of each pixel They achieve substantial 
brightness increase. In these arrangements beam distortion 
becomes critical and appropriate conecdon methods are 
provided. 

A third correction area involves the color separation. 
There are disccepancies between the input signal and the 
behavior of specific DCS waveforms. The beam param- 
eters—especially beam width— also introduce color separa- 
tion errors. Each embodiment provides means for elimina- 
tion of the errors inherent in its arrangement. 

The invention introduces a number of control and timing 
sequence waveforms to accompUsh the above purposes. It is 
shown that DCS involves a substantial number of timing 
relationships not pertinent to conventional displays whose 
instability can be a further source of error. Tinie locked 
synchronizing circuits are described which eliminate this 
potential error source. 

As described in U.S. Pat. No. 3,312,779, the beam scan is 
arrested al each pixel as it passes a phosphor of a color 
whose intensity is to be increased, and the beam is allowed 
to travene quickly a color phosphor whose intensity is to be 
low. The amplitude and/or time dwell of the scan which 
detemiines the degree of saturation is controlled by the 
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amplitude of the saturation signal S, and the phase of S 
determines the dominant hue of the display's output. 

This system suffers from the problem that the reproduc* 
tion of a hue and its degree of saturation between 100% 
saturation (a pure primary color) and white (equal amoimis ^ 
of aU primary colors) involves non-linear relationships in the 
position and the amount of beam arrest in reference to each 
pixel. The relationship is further complicated by the fact that 
it is a function of the width and distribution of the electron 
beam. In other words, the voltages which must be applied to ^0 
the scanning beam of a DCS display to direct it to the proper 
phosphors to produce a desired degree of saturation of a 
particular hue are not generally linearly related to the phase 
or amplimde of the chrominance information content of the 
video signal. 

Applicant has discovered, however, that the relationship 
can be determined for a beam of any usable width and that 
the DCS errors repeat at three times the rate at which the 
triads (a set of red, green and blue phosphors) are scarmed. 
Accordingly, the errors can be corrected if time and/or ^ 
voltage corrections are applied in accordance with the 
desired hue and degree of saturation. 

In accordance with one aspect of the invention, a circuit 
produces a series of waveforms which are multiples of the ^ 
triad scan rate or to waveform processing circuits which 
convey the same proportionality relationships. These wave- 
forms are used to apply corrections to the beam anrest 
voltages of a DCS system as .a function of the degree of 
saturation and the hue.. 

Finally, CRT assembly beam control features are provided 
which enable the color separation and error control functions 
of each embodiment described. . 
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BRIEF DESGRimON OF THE DRAWINGS 



FIG. 1 is a schematic and block diagram of a DCS system 
in accordance with the invention. 

FIG. 2a is a set of graphs depicting color mors as a 40 
function of NTSC signal hue and saturation for two selected 
beam widths. 

FIG. 2^ is a block diagram of a timing circuit for 
producing waveforms useful in applying corrections to beam 
scanning voltages in accordance with the inventioa 45 

FIG. 2c is a set of waveforms produced by the circuit of 
HG, 2b. 

FIG. 2J is a block diagram of circuits for generating 
control and correction voltages in accordance with the 
invention. 

FIG. 2e is a set of waveforms produced by the dicuits of 
FIG. 2d: 

FIG. 3 is a detailed longitudinal cross section of a CRT. 

FIG. 3a is a cross section of the grid structure and a 55 
common cathode taken along the line 3a — 3a of FIG. 3. 

FIG. 3^ is a graph of a beam distribution of single- 
apertures. 

FIG. 3c is a gr^h of a combined distribution of the 
effective beam groups in its elongated direction formed by 
multiple I4)ertures. 

FIG. 3d is a view showing the relation between the beam 
pattern and a pixel. 

FIG. 4 is a schematic circuit diagram of a relatively 65 
simple dynamic color separation display, 
FIG. 4a is a sf^ematic of a beam scanning a color triad. 
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FIG. 46 is a graph illustrating dynamic color separation 
using the S signal for sine wave velocity modulated beam 
arrest, index APC control of the line scans c^itering position 
and amplimde, and a distortion correcdon generator for 
correcting the beam position during its scan across color 
tiiads. 

FIG. 5 is a circuit diagram of a one gun, horizontal stripe 
dynamic color separator using the saturation signal S. 

FIGS. 5fl-5c show the scaiming motion of the color 
separator of FIG. 5 for a phosphor sequence of RGBGRG. 

FIG. 6 is a circuit diagram of a three (3) beam, vertical 
stripe, dynamic color separation CRT display. 

FIG. (a shows an alternate method of generating the 
index signal directly from the R, G. B display output 
illustrated at FIG. 6!;. 

FIG. 7 is a circuit diagram providing novel dynamic color 
separation and APC for a three beam CRT display. 

FIG. 7a is a time pulse controlled circuit for providing 
APC signals for the embodiment of FIO. 7. 

FIG. 7b shows a set of waveforms produced or used in the 
circuits of FIGS. 7 and 7fl. 

FIG. 7c shows DCS action of the FIG. 7 circuit 

FIG. 8 is a circuit diagram of a DCS display using an 
amplitude modulated ramp color separation waveform 
including connections thereto and APC. 

FIG. 8a is a diagram of a novel index pattern used in the 
APC circuit 

FIG. Sb shows the APC circuit waveforms. 

FIG. 9 is a circuit diagram of a display using a time 
modulated ramp waveform for dynamic color separation 
including corrections thereto and APC 

FIG. 9a shows the APC and DCS waveforms in relation 
to a screen section. 

FIG. 9b is an alternative APC circuit method qiplicable to 
FIGS. 7, 8 and 9. 

FIG. 9c shows APC waveform relationships. 

FIG. 9d is a second alternative APC drcoit diagram 
described for application to FIGS. 8 and 9. 

FIG. 9e waveforms show its operation. 

FIG. 10 is a diagram of a unique combination of a single 
mbe color display output screen coupled to optical elements 
for providing a projection display. 

FIG. 11 is a high brightness color display comprising in 
combination a DCS display circuit, a tricolor filter and a 
Schlieren light valve electro-optical projection system. 

FIO. 11a is a color filter shown in plan view. 

FIG. lib is a partial side view of a lens system for use 
with a filter such as that shown in FIG. 11a. 

FIG. 12 is a circuit diagram showing a preferred embodi- 
ment of the combined DCS and indexing control functions. 

FIG. 12a is a diagram showing waveform relationships 
applicable to FIG. 12. 

FIG. 12b shows an embodiment having alternate screen 
pattern. 

FIG. 12c shows a timing modification from FIG. 12a. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 of the drawings is a block diagram of dynamic 
color separation display systems 10 and 20. Systems desig- 
nated by the reference numeral 10 have circuits which 
generally conform to currently used color display practices, 
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and systems designated by the reference numeral 20 provide 
alternate function blocks for achieving dynamic color sepa- 
ration embodiments further described herein. Either system 
employs electron beam control elements of a CRT assembly 
designated by reference numeral 30, which may provide s 
either one or three electron beams or beam groups as 
described in further d^l herein. 

The input to system 10 or 20 is shown by way of example 
as a standard receivei/amplifier 10-00 and having a leceiv- 
ing antenna 10-01. Reception may be by typical TV broad- 10 
cast, VCR, cable, ITSF, satellite or others* and signal gen- 
eration may be by any of several known means including 
broadcast, computer, a graphics generating system or file. 
The output of receiver 10-00 is a composite video signal CV 
having time synchronizing components, a luminance infor- 
mation component, and a chrominance information compo- 
nenL The systems will be described in this application with 
respect to NTSC timing, luminance Y and chrominance C, 
although other signals having equivalent basic information 
content may be equally well applied. 

Signal CV is applied as an input to signal processor 11 or 
21. The timing content is separated and sent to timer 12^2 
as a composite sync signal. Processor 11 coverts the Y and 
C signals of the composite video into the primary color 
video signal components R, G and D in well laiown manner ^ 
and these are connected to red (GiR), green (GjC), and blue 
(GiB) grids of a CRT gun 32-03 where they control respec- 
tive rod, green and blue beam cunents, thereby controlling 
both brightness and color content of the display. The primaiy 
function of processor 21 is to convert Y and C into a less 
well known pair of components, M and S, which are, 
however, generally more suitable to use in DCS systems. 
Signal M is the monochrome or equal brighmess video 
signal, and it is connected to grid Gl of either conventional 
gun 32-00 or shaped beam gun 32-01, or to 32-02 having 
three shaped beams with one beam current control which 
controls display brighmess. The signal S is generated by 
dividing chrominance (after it has been circularized as 
discussed in U.S. Pat No. 3,312,779 by luminance on an 
instantaneous basis; ^ 



s=cyr (I) 

The phase of S, as did the phase of C, contains the 45 
information as to the dominant hue of the color to be 
reproduced, and the amplitude of S is proportional to the 
degree of color saturation of the colon For reproduction of 
a saturated primary, signal S is at maximum (100%). For 
reproduction of 50% saturated primaries or saturated so 
complementary colors, S is at 50% and for reproduction of 
white or monochrome, S equals zero. 

The S signal may be further processed in a variety of ways 
to meet the requirements of various color separation meth- 
ods, but in each version the hue-saturation information is 55 
sent as a HS signal or signal components to the dynamic 
color separation circuits of block 23. The monochrome 
signal M (or equivalent) may also be sent to automatic 
position control circuit (APC) 24 where it is used to remove 
brightness information from index signal I content 60 

Timer 12 is of conventional form and separates composite 
sync into line (H) and firame (V) scan sync pulses used to 
sync the corresponding scans of the deflection raster which 
are connected at timer outputs HD and VD. Timers 12 and 
22 also separate the chrominance subcarrier burst, to which 65 
is locked a reference subcarrier oscillator providing output 
signal CR (see RGS. 2d and le) which may be fed back to 
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the signal processor or may comprise a component of time 
control si^ial TC connected to dynamic color separator 23. 

Timer 22, shown in detail in FIG. 26, provides a substan- 
tial number of inter-related timing waveforms 2c useful for 
implementing the signal processing at 21, dynamic color 
separation at 23. automatic position control at 24, and beam 
correction at 26 as well as for raster scan control. Horizontal 
drive HD and vertical drive VD control pulses are connected 
to and used to precisely time a linear line scan ramp LR 
generator 13 and a field scan ramp FR generator 14. Timer 
22 provides a precise time lock among the raster scan, the 
pattern of color reproducing pixels, and the associated index 
pattern on the CRT screen format area 38. Finally, timer 
12/22 provides a composite beam blanking signal CB which 
is fed back to the signal processor for providing beam 
blanking signal BB shown coimected to the cathode 32 of 
CRT gun 31. This signal may also contain beam turo-on 
signals at a specified level and at specified positions on the 
raster and used for AFC control. 

CRT beam forming and beam control assembly 30, in 
preferred embodiments detailed in FIG. 3, has a CRT 
envelope 31 containing beam forming gim strocture 32, 
elemerus for beam grouping, shape, and distortion control 

33, a focus electrode 34, minor color separation deflection 
plates 35 and a faceplate 37 having a screen 38 disposed on 
its inner surface and impinged by electron beams 30-0. The 
function of plates 35 may alternatively be combined in 
electrode strocture 33. Additional magnetic elements of 
control means 33 and major magnetic deflection yoke 36 are 
mounted on the neck of the (2RT. 

Output X of line ramp generator 13 is ^plied to X 
deflection amplifier 16 whose output drives X deflection 
coils of yoke 36. The output Y of field ramp generator 14 is 
applied to Y deflection amplifier 17 whose output drives Y 
deflection coils of yoke 36 thereby to cause the beam 30-0 
to perf onn a raster scan o ver the screen 38 area. The CRT is 
energized by high voltage HV power supply 19 which 
provides a beam accelerating potential AV to an anode input 
31-1 of bulb 31, a focusing potential FV to focus electrode 

34, a G2 potential to grid or grids G2, and a negative bias 
potential to control grid or grids Gl of electron gun 32. 

The description of FIG. 1 up to this point has related to 
portions cap^le of providing typical monochrome B/W or 
features of typical color displays. To provide true color 
output, dynamic color separation requires precise matching 
of the electron beam spot to the color elements at each pixel 
over the full scan area. The systems various processes, 
however, introduce errors in beam shape and size as well as 
in its relative position. A viable DCS display requires 
correction of these errors for a given system. Accordingly, 
XY error correction generator 25, APC circuit 24 and beam 
correction drive circuitry 26 aro provided to make these 
corrections. 

Errors in position of the electron beam herein referred to 
as geometric distortions become quite large for wide angle 
CRT's and the errors may be separated into x and y 
components along the X and Y axes respectively. The errors 
in the direcdon of color separation typically oonnal to the 
color triads, are substantially more critical, but some cor- 
rection to both axes is generally desirable. A waveform 
corresponding to the error x over a full raster scan may be 
expressed by a power series in x and y. For the x signal, the 
principal components are: 

A»=C+Ax oH-£(x»-l)+fc(y*-l>*-rx)^/trCx*-l)fPjr^ (2) 

A similar equation applies to y terms, to the extent required. 
The same form of equation, but which may have substan- 
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tially different magnitudes for the terms is applicahle to the 
other collections of FIQ. 1. 

The X and Y ramp signals are input to correction gen- 
erator 25 which may use any of several methods to generate 
its ou^ut signals. One method uses multiplier circuits to 5 
generate the terms directly as given by equations similar to 
2. Generator 25 has outputs Ax and Ay connected to X and 
Ydeflection amplifiers 16 and 17 respectively. These outputs 
are adjusted to cancel beam position geometric distortions 
thercl:^ matching the raster scan to the display format 
Generator 25 provides a beam focus modulation output 
signal FM as input to modulation signal MA amplifier 18 
also having a level control for exact adjustment of beam 
focus and having an output focus control signal FC. In a 
preferred embodiment, the CRT is of a variety generally 
referred to as high voltage electrostatic focus. The supply 
has a floating section generating output voltage FV which is 
connected to focus electrode 34. The control signal FC is 
connected to the low voltage end of this supply section and 
its focus modulation and focus adjustment signal is trans- 
ferred via FV to the focus electrode thereby to provide 20 
predse beam focus over the full format area. 

Generator 25 provides signal b having components for 
correcting beam distortions as a function of raster scan 
position. The corrections include beam width control, astig- 
matism distortions and beam rotation. The signal b is fed to 25 
beam correction driver circuit 26 whose output beam control 
signal BC drives the control elements 33 of CRT assembly 
30. Signal c from error correction generator 25 contains 
components which correct for change of deflection sensi- 
tivity vs. position. Signal c is input to dynamic color 30 
separator 23 where it may be used directly to modulate color 
separation waveforms or is indirectly routed to beam cor- 
rector 26 or back to change the control signals of processor 
21. 

Dynamic color separator 23 receives time control TC 35 
information and hue and saturation HS control information 
from which it generates a composite color separation CS 
wavefona Preferred embodiments will be more fully 
described. However, the fimOion of the color separation 
waveform is to apportion beam dwell on the phosphor 40 
stripes of each triad or other pixel equivalent as it scans by 
in accordance with the color content prescribed by the 
saturation signal S. This is basically accomplished by posi- 
tioning the point of maximum beam arrest at the dominant 
hue position of the triad and modulating the arrest waveform 45 
in a manner to achieve the correct mix of dominant hue and 
white ouQmt Index detector 28 or 28a generates an index 
signal i as a result of beam impingement on the index pattern 
of screen 38. In preferred arrangements, index detector 28 is 
one or more photo-detectors located to receive radiation 50 
from UV-^nitting index stripes on the back of the display 
screen or to pick up the RGB display output directly. Index 
signal i feeds lA amplifier 27 to provide therefrom an output 
signal of usable level I which is input to APC block 24. 
Signal I may be processed in several ways and compared to 55 
known parameters of the color separation signals, to be more 
fully described. Errors in the con^)arison process are 
detected and used to generate a position control PC output 
signal and/or subcomponents thereof such as AFC or auto- 
matic centering. Signals PC and CS are summed in an output 60 
driver stage of 23-24 providing color separation deflection 
drive signal DD to the minor deflection plates 35 of CRT 31 
thereby to provide a dynamic color separation display. The 
plates 35 could, alternatively, be a minor deflection yoke. 

FIGS. 2a through 2e illustrate errors in prior dynamic 65 
color separation processes and circuits for the correction of 
these errors in accordance with the invention. 



Errors arise from several sources, and FIG. 2a graphically 
illustrates some relationships which contribute to these 
errors. 

When color signal specifications such as NTSC were 
established, there was no concept of dynamic color separa- 
tion. The signals prescribed by NTSC arc sine waves having 
vector values representative of color parameters at particular 
instants of time. These values have no relationship to the 
width or distribution of the scaiming electron beam or to the 
discontinuous nature of the color triad scarmed by the beam. 
Many prior DCS systems are based on theoretically ideal- 
ized conditions which are impractical. For example, these 
theoretical beams have zero width or abmpdy rising profiles 
of unit amplitude and width. I£gh color performance in a 
practical system requires means for correcting the discrep- 
ancies between the values provided directly by the video 
signal and the requirements of the DCS display. 

FIG. 2a illustrates how certain errors arise in a DCS 
system. This figure comprises six graphs which show the 
required DCS beam scan amplitude D (equal to composite 
deflection, FIG. 8) plotted in relation to the R, G and B stripe 
positions of a triad plotted along the horizontal axis as a 
function of the saturation S of a color from zero saturation 
to 100% saturation plotted along the vertical axis. 

The plots are centered on and taken at hue values corre- 
sponding to zero phase for reproduction of a primary color, 
at an intermediate color corresponding to a 30° phase shift, 
and at a complementary color corresponding to a 60** phase 
shift in which the beam is centered over two stripes. Since 
the plots are repetitive for each stripe, they illustrate behav- 
ior at 12 points across the 360'' hue spectrum. They also 
show that the errors repeat at 3 times the triad frequency. 

The top row of plots represents abeam width of zero, and 
the bottom row represents a beam of uniform distribution 
and maximum allowable unit width (Le., a width of one 
stripe). It may be noted at this point tiiat FIG. 2e shows these 
among several examples of beam profile distributions. 

The significance of the plots of FIG. 2a may be readily 
grasped from die faa that a dynamic separation technique 
can convert directiy from the S signal without error only if 
the plots are straight lines. The plots are not linear because 
the hue and saturation relationships established by the NTSC 
signal, where die instantaneous amplitude is proportional to 
the saturation, do not account for the fact diat the electron 
beam must physically scan a phosphor to produce a color 
and must have a finite width. 

The relevant conclusion which may be drawn firom HG. 
2a is that either the width of the beam or its position with 
respect to the three color phosphors must be shifted as a 
function of the hue and saturation to correct for errors in 
linearity. 

Referring now to FIGS. 2^ and 2c, FIG. 7^ is & block 
diagram of a timer for producing waveforms useful for 
applying correction voltages for correcting errors sudi as 
those illustrated by the plots of FIG. 2a, It also provides the 
other timing signals unique to and required by DCS systems 
described herein as well as the essential timing found in a 
conventional sync generator IC chip. FIG. 2c illustrates a 
small section of a display screen pattern (also see FIG. 1, 
reference numeral 38) and a set of waveforms generated by 
the circuit of FIG. 2b. 

The display screen has triads of RGB phosphor stripes 
38-1 of triad width W, an aluminized backing layer 38-2 and 
an arbitrary indexing partem 38-34 placed on layer 38-2 in 
a specific relation to the stripes 38-1. Electron beam 30-0 
scans the screen with a velocity V=W/t of line scan deflec- 
tion where T is the period required to scan across one triad. 



06/28/2004, EAST Version: 1,4.1 



5.585,1 

11 

Timer 22-00 (FIG. 25) includes a master oscillator 22-02 
which produces an output waveform MO which is main- 
tained at a £requency having a period of T/3 by an AFC 
control signal from frequency contrDl (FC) 22-01. The 
frequency control may operate by any of several known 5 
means, such as harmonic generation from the chrominance 
reference signal, beat frequency heterodyning, or an AFC 
voltage control signal generator. The master oscillator feeds 
voltage comparator (VC) 22-03 to generate output clock 
pulse CK. The MO and CK waveforms will be used to lo 
generate correction signals. 

The dock signal CK is fed to a chain of •*2 circuits 22-04, 
22-05. 55-06, to provide output timing signals a 2 T/3, 4 T/3 
and 8 T/3 for automatic position control timing. For 
example, the 4 T/3 waveform corresponds to the timing of is 
the index pattern 38-34 shown iii FIG. 2c. Clock signal CK 
is also supplied to +3 circuit 22-11 which provides triad 
reference timing waveform RT. This triad reference RT feeds 
time pulse generator 22-12 which may be configured to 
provide any of several miscellaneous timing waveforms 20 
such as reference drive pulse DR which will be used to 
generate ramp color separation signals. Generator 22-12 also 
triggers -i-2 circuit 22-13 whose output 2 T will be used to 
provide bi-directional automatic position control. Triad ref- 
erence triggers a -i^N chain 22-21, where N is the number of 25 
triads corresponding to a complete horizoiUal line scan 
interval for a specific display screen, and the output is line 
scan frequency signal HT. The line scan frequency signal HT 
triggers time pulse generator 22-22, an ou^ut of which is 
horizontal drive pulse HD which controls ramp generator 13 30 
of FIG. 1 in accordance with the wavefonn timing shown by 
FIG. 2c. Signal HT also triggers a chain 22-31 to provide 
a vertical rate timing signal VT (by way of one example- 
NTSC would trigger firom HT/2). Horizontal time pulse 
generator 22-22 is shown generating automatic position 3S 
control signals AP and CP as well as a horizontal blanking 
signal HB. and the timing of these signals relative to HD and 
X ramp is shown. These signals are used in a preferred 
embodiment for AFC control. 

FIG. 2d shows a block diagram which generates a number 40 
of control signals, correction signals and color separation 
signals. The signal waveforms shown in FIG. 2^ are all 
plotted to a common time base for purposes of comparison 
and timing is directly correlated to triad position on a section 
of screen 38-1, similar to HG. 2c, which is shown together 45 
with its backing layer 38-2 and three alternate index patterns 
38-32, 38-33 and 38-34. The beam profiles of zero width, 
unit width, 0.5 width, which would be the maximum allow- 
able width from a typical gun of conventional design, and a 
preferred beam profile of width "w" lo be provided by 50 
improved gun design of FIG. 3, are shown in FIG. 2€ in 
relation lo the color strips of 38-1. 

The inputs to the circuit of FIG. 2J are the luminance Y, 
chrominance C and reference signal CR from receiver 10-00 
output CV. These signals need not be at period T or have a 55 
direct relation thereto, but the information ratios they con- 
vey do have a direct relation so the signals or their conver- 
sions are shown at period T to conveniently convey the 
relationships. The signals MO and CK from the circuit of 
RG. 2b are also inputs and are plotted to scale in FIG. 2e. 60 
Signals C and Y are input to divider 21-01 whose output is 
S (see equation 1). Input signal "Ac*' modulates the ampli- 
tude of signal S to match the change in deflection sensitivity 
over the format to provide constant color separation action. 
Signal S is an^litudc detected and filtered by a low pass 65 
filter in circuit 21-02 having response corresponding to the 
maximum rate of change of signal S thereby providing 
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output saturation voltage signal SV whose amplitude is 
proportional to color saniration. SVn converter 21-03 pro- 
vides a non-linear output SV. 

Signal S is input to and clipped by voltage comparator 
21-04 to produce output square wave frequency F8. CR is 
input to and clipped by voltage comparator 21-05 to produce 
output square wave reference frequency FR. FR and FS 
provide triggers to a flip-flop 21-06 to produce an output 
pulse T9 whose time interval is the same as the hue phase 
shift of signal S. T6 is filtered by low pass filter 21-07 and 
amplitude modulated in modulator 21-08 to produce an 
output hue voltage signal HV whose amplitude is propor- 
tional to hue shift FR and FO are input to pulse generators 
21-10 and 21-11 respectively, generating output drive pulses 
DR and 06. 

The above described waveforms produced by the circuits 
of FIG. 2d as outputs of signal processor 21, FIG. 1, are 
altemate ones of which may be used for control of DCS as 
will be described in specific embodiments. The next set of 
waveforms to be described provide corrections for DCS 
circuit errors as discussed in FIG. 2a 

Waveforms Te and CK are applied to trigger flip-flop 
21-21 to produce output waveform 6/3. The falling edge of 
T6, which corresponds to hue phase 6, triggers the output 
&f3 of the flip-flop 21-21 positive, and the next negative CK 
transition triggers it back negative, where it stays until the 
next negative transition of T6. As hue changes, causing TO 
to shift from position 1 (shown solid), to position 2, to 
position 3 of FIG. 2c, the pulse width of 6/3 changes 
correspondingly as illustrated by the dotted lines. Thus when 
0 is at position 1, 6/3 goes positive and is triggered back by 
CK at the center of the green stripe generating a one-half 
stripe width pulse. At position 2, positive triggering occurs 
just after the green center line producing a wide pulse which 
returns at the blue center line whereas at position 3, occur- 
ring just before the blue center line the 6/3 pulse is narrow. 
This action will be repeated in relation to each color stripe; 
e.g., three times per triad for hue shift 6 from -1 80° to 1 80**. 
The signal 6/3 is passed through a low pass filter 21-22 to 
produce its average value as a voltage signal The voltage 
change of ^ as a function of hue shifr is shown by the 
dashed ramp-like waveform below the CK pulse at left, with 
dots showing the voltage levels corresponding to the phase 
shift positions 6 of the example. It repeats three times per 
triad. If the 50% duty ratio signal (position 1 corresponding 
to a stripe boundary) is taken as a reference level, then the 
signal has an abrupt negative to positive voltage shifr at the 
center of each stripe. This shift may be used for hue error 
correction when added to the hue control in the DCS circuit 
block, as will be shown in specific embodiments. Its action 
may be understood by the following example, (insider a 
beam having w=0.6 W. Then adjust 6/3 amplitude to cause 
a 0.4 W beam shift as 6 reaches the center of each stripe. 
The beam is thereby shifted from having an edge at one 
stripe edge to having an opposite edge at that same stripe's 
opposite edge at each transition. This provides a smooth and 
uniform hue shift for each nO"* of 6 shift. 

A second correction signal PC is generated by applying 
T6 to a time pulse generator 21-23 which generates an 
output pulse 6F having its rising edge at hue angle 6 and 
having a constant pulse width of T/6. This is the same width 
as the dock pulse, and 6P and CK are the inputs and AND 
gate 21-24 whose ou^ut is passed through low pass filter 
21-25 to develop voltage signal PC. As for the shift in PC 
is shown by the dashed curve with values shown for posi- 
tions 1, 2 and 3. This signal goes from zero at primary hues 
to maximum at complementaiy hue positions and may be 
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used to coirect the sauiratioa level of NTSC, for example, as 
will be described for HG. 9. 

It will also be described in other embodiments in con- 
nection with beam width modulation capabilities to be 
described for FIG. 3. In such applications, the 50% ampli- 5 
tude of PC corresponding to 30** hue may be used as a 
reference level in adjusting the beam width to equal the 
stripe width W. Hie PC signal is then used to modulate the 
beam to be less than W at primary positions and more than 
W at complementary positions. lO 

A third correction 8c uses the master oscillator waveform 
MO and OP. These signals are applied to modulator 21-27. 
Tlie corresponding shifts for 6c provide a signal difference 
to shift the 30** hue points. 

There has been shown a number of generated ooirection is 
signals which may be used to control or correct the color 
display parameters to provide precise color output repro* 
duction for specific embodiments. The remaining circuit 
blocks of FIG. 2d and waveforms of HG. 2c arc concerned 
primarily with the generation of DCS block 23, but some 20 
also apply to APC circuits of block 24. Embodiments will be 
described using alternative waveforms for the purpose of 
dynamic color separation. The first of these is saturation 
signal S and variations thereof. A second method uses an 
amplitude modulated linear ramp SR and a third method 25 
uses a time modulated double ramp TFL These ramps may be 
timed either at a reference phase by signal DR or at hue 
phase by signal D9. 

Ramp generator 23-10 generates output ramp SR. Its 
input controls include the drive pulse DR or D6. DR control 30 
is shown and it causes rapid retrace of the ramp at time t=0. 
Input SV or SV modulates ramp amplimde linearly or at a 
non-linear correction rate to match system parameters as has 
been disclosed. Alternatively, coirecdon Ac and PC may be 
summed with SV at generator 23-10 input to provide ramp as 
amplitude corrections as a function of color saturation. SR 
ou^ut is shown solid at a maximum amplitude at 1 which 
causes full electron beam arrest when applied to deflection 
plates 35; 50% saturation results in waveform 2, shown 
dashed, and when S is zero, waveform 3 is zero aUowing 40 
beam scan by the major deflection line scan to reproduce 
B/W output. Note that ramp amplitude has been modulated 
by signal Ac (at divider 21-01) so that beam arrest remains 
the same over the full scan. 

Block 23-01 is a substantially constant amplitude refer- 45 
encc ramp generator having output waveform RR which is 
shown using input drive pulse DR. It will be used as a color 
separation waveform causing full beam arrest and having c 
modulation as has just been described. Herein it is used as 
a time pulse generator at fixed amplimde equal to SV signal SO 
amplitude wherein SV has no c modulatioa RR and SV, 
whose equal signal excursion is shown alongside RR, are the 
inputs to voltage comparator 23-02. The output is saturation 
time pulse TS. By way of example, when RR amplitude 
reaches SV level as shown at position 1, the voltage com- ss 
paiator traiosition occurs at time t,=S T. Thus, the "on" time 
is proportional to die saturation level of S and the TS signal- 
output of VC 23-02 provides the time control input to ramp 
waveform graierator. 23-20 whose output is dual slope ramp 
TR. Positions 2 and 3 (dotted) show the change in IR 60 
waveform as SV amplitude changes. The positive slope is 
such as to maintain beam ancst during time t, thereby 
producing a saturated color. During the negative slope the 
beam scans the triads uniformly, thereby producing white. 
When S is a maxinwm, (3) the beam is arrested lull time 65 
producing a saturated hue. As S goes to zero, a B/W output 
is produced. Hius, waveform TR controls the saturation 



level of the display. The change in slope shown at 4, which 
occurs due to mochilation by Ac, causes equal beam arrest to 
occur at all positions of the scaa Modulation may also be 
applied by signal PC and/or a portion of S to cause the beam 
to have foW arrest in reproduction of primaries and not to 
fiilly arrest, therefore to allow the beam to travel as much as 
a stripe width, in reproduction of complementary colors. 

The waveform generator of 23-20. in contrast to previ- 
ously described circuit blocks, is not well known in the prior, 
art and a preferred embodiment will be described in detail 
below. 

FIG. 3 is a detailed sectional diagrammatic representation 
of the CRT assembly 30 taken in the X-Z (horizontal) plane 
with the X dimension expanded to show details more clearly. 
As also shown in FIG. 1, there is a CRT bulb 31, a section 
of the glass envelope of which is shown at 31-0 beneath the 
deflection yoke 36, which is shown in partial section. The 
bulb has conventional inner electrostatic shielding conduc- 
tive surface 31-2, usually aquadag, and is scaled to faceplate 
37 whose inner surface supports display screen 38. The 
screen 38, also referenced in FIGS. 2c and 2^, has a 
repetitive pattern of primary color producing phosphors 38-1 
typically in the form of triads of either vertical or horizontal 
stripes distributed across the faceplate. An aluminized back- 
ing layer 38-2 may support a pattern of index elements 38-3, 
which are preferably UV-emitting phosphors (several pat- 
terns of which are shown in FIG. 2fi), and. the aluminum 
layer is connected to conductive layer 31-2 which contacts 
witii anode connector 31-1 (FIG. 1) and to anode 32-4 of 
electron gun assembly 32-0. 

The electron beam forming gun structure 32-0 has a 
conventional heater (not shown), a common cathode 32-1 
(K) a single or multi-aperture (shown) grid structure 32-2 
(Gl) which may have one beam control grid 32-21 (see FIG. 
3a) or three grids 32-2 R, 32-2 G and 32-2 B, a common grid 
(G2) 32-3 having an apermre pattern to match the s^eitures 
of Gl and a beam accelerating anode (an) 32-4 as noted 
above. A focus electrode (F) 34-1 cooperates with acceler- 
ating anode 32-4 to form an electrostatic field which focuses 
the electron beams at the CRT screen in a pattern similar to 
that of the grid apertiues through which they came, the 
pattem being designed of prescribed size and shape to match 
the phosphor stripes of a screen pixel as shown, for example, 
in FIG, 3iL The grid pattem is shown in FIG. 3a looking 
toward the cathode with grid G2 removed. Each grid ele- ' 
ment is shown with 3 apertures and HG. 3b shows a side 
view of the current energy density profile of the beam 
current from each aperture similar to beam w of FIG. 2e. The 
apertures are sized and spaced with web thickness are 
^justed so that the energy distributions overiap and com- 
bine to provide the beam profile shown in FIG. 3c. The result 
is a beam having steep edges and relatively fiat distribution 
designed to match die line-to-line spacing of the raster scan. 
Such matching is precise to an extent unprecedented in the 
art. Such a structure results in a substantially uniform current 
density and lower loading, hence longer life, both at the 
cathode surface and at the screen pixel being energized and 
provides a correspondingly higher display brighmess. The 
process described can be carried beyond the example shown 
to provide enhanced results by using more s^ertures. Alter- 
natively, grooved cathode surfaces, FIG. 3e are matched to 
the grid 32-2 aperture group or groups. As described in U.S. 
Pat No. 3,914.651, FIGS. 6. 7, die groove is curved so as to 
provide a substantially uniform emission over a Umited 
groove arc. Display embodiments will be described employ- 
ing four different gun combinations. 

Gun 32-00 is of conventional single aperture construction. 
Gun 32-01 has a single multi-apeiture element (01) 32-21. 
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and G2 apertures to match, gun 32-02 has a single grid Gl 
in which elements R, G and B are connected together as grid 
32-22 and fonn three beams of three groups each, and gun 

32- 03 has separate grids 32-2 R. G and B providing for 
independent beam current control of each beam group. 5 
Further features associated with each gun will be described 
in connection with their function. 

Beam control structure 33 (FIG. 1) comprises means for 
control of beam distortions resulting from deflection which 
will cause mismatch of the beam pattern to the pixd pattem. lo 
Component 33-3 is an astigmator coil and it is driven by a 
component of signal BC adjusted to maintain beam panem 
shape during full, raster scan. Rotation coil 33-2 provides a 
Z-axis magnetic field, and it is similarly driven to eliminate 
beam pattem rotatioa Deflection plate assemblies 33-10 and is 

33- lOa are examples of alternate means for controlling 
convergence or divergence of the outside electron beam 
groups of beams 30-0 in guns 32-02 and 32-03. The beam 
convergence deflection plate structure of 33-10o assembly, 

in which the three beams pass between four plates, is prior 20 
art used in many in-line shadow mask CRT's. Preferred 
coupling herein is not See U.S. Fat No. 3,914,651, HOS. 
4 and 5, The two inside plates of 33-lOfl are coimected to 
anode 32-4 and have no influence on the center beam. The 
two outside plates are connected together and to the anode 25 
through a high resistance. They are capacitively coupled 
through the glass neck of the CRT to terminal Cla by means 
of conductive areas inside and outside the neck as illustrated. 
A plus input voltage to Cla diverges the outside beams and 
a negative voltage converges them. In assembly 33-10 there 30 
are four plates, 33-11. 33-12, 33-13 and 33-14. When used 
with the above three beam guns, plates 33-13 and 33-14 
connect to G2 and plates 33-11 and 33-12 are brought out at 
pins CI and C2. Since they operate at normal voltage, they 
may be driven directly and provide both convergence and a 35 
small amount of beam width control. In single beam gun 

32- 01, plates 33-13 and 33-14 are not used. Plates 33-11 and 

33- 12 are located more approximate to the 33-13 and 33-14 
positions and operate to provide a small amount of beam 
steering and beam width control. Terminals CI and C2 may 40 
therefor serve to provide a degree of output color correction 

as described for FIG. 2e. Plates 31-11, 32-12 provide 
improvement to the split G2 electrodes of reference U.S. Pat 
No. 3,914,651, FIG. 6, wherein differential voltage provides 
the minor deflection for DCS beam steering and common 45 
mode voltage to both electrodes provides the beam width 
control especially for edge or peripheral electrons. The 
isolated electrodes may be proportioned so that nominal 
control voltage level is near zero rather than at G2 potential. 

Minor deflection structures 35-1 and 35-2 provide capaci- so 
tive coupling, in a manner described above, from low 
voltage inputs Dl and D2 to deflection plates 35-1 and 35-2 
which are connected by high resistance to the anode poten- 
tial of anode 32-4. A detailed description of this may be 
found in U.S. Pat No. 3,914,651 (FIGS. 4 and 5 thereof). 55 
The plates provide minor beam deflection for dynamic color 
separation and its automatic beam position control. 

The beam or beams 30-0 are shown at zero major deflec-. 
tion in alignment with a color triad having wddth W. When 
the beam is deflected horizontally at angle i, the beam 60 
intercept of W is the distance W, normal to the beam as given 
(for H) by the accompanying equation and parameters 
shown. The example illustrates the modulation which is 
applied to color separation signals to that they match the 
color triads. 65 

A Ihin annular feirite disc 34-2 is sandwiched between 
front and rear core sections of deflection yoke 36 for 
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providing an axial high strength permanent magnetic focus 
fleld cooperating with the electrostatic fleld of electrostatic 
lens electrode 34-1 and 32-4 to focus the beam at the CRT 
screen. Movement of the focus toward the screen provided 
by 34-2 reduces beam size but the distance forward which 
can be utilized is limited by interference of the deflecdon 
field 

It will be appreciated that a nimiber of basic elements of 
DCS displays in accordance with the invention have been 
described. A variety of embodiments will now be described. 

The embodiment shown in FIG. 4 demonstrates two 
concepts. First, it discloses a method whereby the sine wave 
saturation signal 5 may be used directly as the DCS wave- 
form with triads transverse to line scan. It will be shown diat 
the sine wave carmot provide 100% beam efficiency but 
provides circuit simplicity. Accordingly, other elements in 
this example, including single aperture gun 32-00, are 
selected to provide a simple display. Second, a imique 
combination is employed to meet the beam position control 
requirements inq)0sed by DCS. A form of APC which has 
two index elements, one at each side of the screen format 
edges, is used. This arrangement precisely controls centering 
and amplitude of line scan to match the edge triads. An error 
correction generator then provides position control within 
the format the item of m^*or significance being line scan 
linearity. Tlie APC may be used with any of the methods of 
color separation and with any adequately precise linearity 
correction generation method, but combination of the three 
is essential to achieve a DCS display. 

The display may work directly from NTSC However, to 
achieve higher resolutipn, the frequency of the signal S is 
doubled while retaining both hue and saturation content The 
phase of the frequency-doubled S signal causes beam arrest 
to occur at dominant hue during deflection across triads. The 
S sine wave signal is not capable of complete color sepa- 
ration alone, and M, therefore, does not provide true bright- 
ness output A new version of brightness signal B is gener- 
ated to overcome these deficiencies. It uses the C, Y and S 
signals in combination to control the purity of the dominant 
hue and to correct brightness in a maimer to be described. 

With reference to FIG. 4. a block diagram showing the 
above elements of a display 10-4, the divider 21-01 of FIG. 
2d has inputs C Y and Ac and an output 2 S feeds drive 
amplifier 32-46, thereby driving minor DCS deflection 
plates 35 of CRT 30-4 to provide color separation. Signals 
C, Y and S are also connected to inputs of video signal 
processor 21-4 whose output provides a video brighmess 
signal B shown connected to the grid Gl of CRT gun 32-00. 
Horizontal sync signal H (from FIG. 1, block 12) triggers the 
time pulse generator 22-22, and its outputs HB, AP & CP 
(see FIG. 2c) are applied to generator 21-4 where they blank 
out video, interferences, etc. during retrace and output signal 
BB fed to the cathode establishes reference values of beam 
current during pulse times AP and CP. Output HD drives LR 
ramp generator 13 whose output X fees amplifier 16 which 
drives yoke 36 as is described in FIG. 1. Signal X is also 
applied to XY error correction generator 25-4 whose input/ 
output signals and function have been described. These 
functions may be generated by either of several methods 
which include the use of analog multipliers, operational 
amplifier integrators and progranunable read-only memories 
(PROMs). Where the display inputs are desired to be digital 
XfY signals, the corrections may also be applied to multi- 
plying DAC's. In this embodiment, signal Ab is fed to beam 
correction drivers 26-4 which drives only a dual coil quad- 
ripole asdgmator 33-3. The astigmatism field is adjusted to 
provide a beam elongated nominally in the vertical direction 
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parallel to the stripes, but Ab is used to control both 
magnitude and direction (rotation) of the astigmatic beam so 
that it matches pixel size at all scan positions. 

CRT assembly 30-4 has no rotation coil or beam conver- 
gence elements and has only two index elements 3S-3A and s 
38-3C. These are nanow strips, each of which is located on 
a respective side of the screen patter, parallel to and at a 
small predetermined distance beyond the end triads. The 
strips are preferably conductive elements isolated from the 
CRT coating 31-2 but connected thereto, hence to the anode lO 
31-1, by means of high resistance elements Rl and R2. 
Index signals i^ and is are pulses resulting &om direct beam 
impingement and their an^litudes are proportional to the 
fixed amount of beam impingement provided by signal BB. 
These piilses are coupled through CI and C2 and applied, 15 
respectively, to position enor deteaors ACC, 24-4c and 
AAC, 24-4a where they are compared to the time pulse 
inputs CP and AP from generator 22-22 as described with 
reference to FIG. 2b. The error output of detector 24-4c is 
Connected to the centering control input of deflection ampli- 20 
fier 16 and adjusts the line scan start posidon to match the 
first color triad. The error output of detector 2A-4a is 
connected to the ampUmde control input of line scan gen- 
erator 13 and adjusts the line scan amplitude to match the 
last color triad of the format 2S 

FIOS. 4a and 46 illustrate the behavior of the color 
reproduction feamres of display 10-4. The parameters 
shown are chosen to obtain large usable arrest during 
production of a saturated primary color to provide optimum 
brightness. FIG. 4a shows a pixel a one triad section of the 30 
display scre^. FIG. 4b shows an X ramp scan across the 
section versus the time scale corresponding to production of 
BAV output and a composite scan causing maximum arrest 
on green (as an example) corresponding to saturated primary 
hue. In the example, S amplitude is 0.23 W, beam width is 35 
% the stripe width and the arrest interval T^ on green is 0.58 
T as shown. FIG. 4b also shows the time intervals the beam 
spends fully on each stripe in crossing the red and blue 
stripes, and any beam current outside interval T^ results in 
a desaturated hue. The upper curves of FIG. 4b illustrate the 40 
preferred composition of the brightness signal B. The 
chrominance amplitude is biased to reach beam cutoff at the 
ends of the arrest interval T^; as shown by signal I (a 
maximum brightness saturated greoiX and by signal 2 (a 
lower intensity but still saturated green) whnein C changes 45 
but S bias does not In signal 3, illustradng a partiaUy 
saturated high intensity green, the signal is biased fiuther on 
to expose R and B. This S bias level signal and the C to Y 
composition are chosen to match the color transition require- 
ments in shifting to complementary and to desaturated 50 
colors in a manner similar to that illustrated in the calcula- 
tion of error curves of FIG. 2a. The function is also 
dependent, among other factors, on beam width, and a 
specific q}plication may require a degree of error correction 
as described with reference to FIG. 3c. 55 

FIG. 5 shows novel DCS and APC circuits for a display 
which employs a screen shown in FIG. Sa having horizontal 
phosphor stripes 38-15 in the pattern sequence RGBGRGB 
etc., an index pattern having two stripes 38-35^ and 38-35^ 
per triad, each having a different wavelength of UV emission 60 
in response to beam impingement thereon and a single 
aperture CRT in which the beam is preferably moderately 
elongated horizontally, the screen and beam being detailed 
in FIG. 5a In this configuration, the principal corrections are 
vertical geometry and FM. (Correction generator 25 (FIG. 1] 65 
may employ elements more rudimentary or as more com- 
monly used in conventional TV, since beam correction 
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blocks 26 and 33 arc not essential.) Television sync circuits 
12 may also be of substantially conventional form. The basic 
reason for these differences is that a horizontal triad system 
does not have the resolution advantage whidi is obtained 
using beam arrest in a vertical system. 

Hie input signals to the circuit of FIG. 5 are index signals 
UVl and UV2, video M raster drive HD and YD which 
were described with respect to HG. 1, and color control 
signals CR, HV and SV which were described with respect 
to HG. 2c. The output is minor deflection drive signal DD 
which accomplishes dynamic color separation in a manner 
to be described in cormection with FIGS. 5a-c. 

Sine wave signal CR, of constant (and adjusted to) imit 
amplitude, is input to an inverter 21-52 and one side of 
double pole switch 21-53, the other side of which connects 
to the output of inverter 21-52. The switch is actuated by 
divider 22-54 when triggered by pulse HD thereby switching 
the phase (by 180° at H line rate) of signal CR at the switch 
output which is connected to an input of multiplier 23051. 
Samration signal SV connects to the other input of 23-51. 
The multiplier is configured to perform the multiplication 
CR (1-SV) to generate an output sine wave having satura- 
tion amplitude equivalent to 1-S. Thus, as examples, when 
S=0, die output is 1; when S=l, the output is zero; and when 
S=0.5, the output is 0.5. This signal designated I-S* is 
summed at the input of drive amplifier 23.52. Hue input 
signal HV is fed to inverter 21-54 and switch 21-55 in a 
manner as described for signal CR to provide ±HV switched 
at field rate by signal VD connected to +2 circuit 22-55; this 
output also summed at the input of 23-52 provides DCS 
signal CS at its ou^ut which is summed at the input of drive 
amplifier 23-56 together with the output of APC circuit 
24-58, a hue adjustment 23-05 and any desired correction 
such as has been described, all contributing to provide DCS 
output DD from 23-56. 

FIG. 5a shows a sequence of color triads 38-15 and index 
stripes 38-35 in a break-away view with UVl on red and 
UV2 on blue. UVl and UV2 arc wider alternate examples 
shown to match a narrower beam for APC control to be 
described. FIG. 52^ shows a sequence of color separation 
waveforms each progressing along a color triad at line scan 
rate and each taken at maximtmi amplitude which corre- 
sponds to a vahie S=0. The upper trace, at position 1 is 
presumed to be the first full line of the raster scan and scans 
all three phosphors of triad 1 of the screen format The lower 
trace, at position 2, because of interiace, scans the third triad. 
In order that the scan at positions 1 and 2 have the same 
phase as shown, it is necessary to provide a 180^ phase 
reversal at die end of each line and this is the purpose of 
switch 21-53. The middle trace, at position 3, is the 264th 
line in. sequence and die fint full line of die interieaved 
raster. It falls on the second triad and continuation, thus, 
produces a complete raster of dot interleaving (as shown by 
the instantaneous beam positions centered on each color 
stripe) color separation waveforms. It will also be apparent 
that the direction of the color pattern is reversed on the 
interlaced scan and it is a function of switch 22-55 to reverse 
the polarity of hue selection signal HV on alternate scans to 
correspond to the screen pattern. It may be noted at this point 
that horizontal DCS systems using the sine or other wave- 
forms described herein and the usual RGBRGB non-alter- 
nating triad pattern (therefor not requiring switching) may 
be implemented substantially as described for FIG. 5. The 
alternating pattern is described because it allows a 50% 
larger beam size without substantial loss in color resolution 
and beam size loss in the horizotual configuration, which is 
otherwise a principal disadvantage to its use. 
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Analysis of the above example from FIG, Sb shows that 
ihe center of the beam is on R and B each for 120° of each 
cycle and spends 60'' in closing green in each direction so 
the energy to each stripe is the same per cycle. Signal M, 
therefore, will produce B/W output The effective dot inter- s 
lace frequency is twice chrominance firequency, making 
B/W resolution substantiaUy the same as was used in the 
embodiment of FIG. 4. 

FIG. Sb shows reproduction of a saturated primary at 
position 4 for which 1-S*=4. The beam is centered on one 10 
stripe as selected by hue signal voltage— green being shown 
for example — and the arrows show hue shift range. In FIG. 
5b, at position 5, saturation of 50% is shown. The beam 
scans from the boundary of red t the boundary of blue, and 
50% samration is produced for a beam width equal to the 15 
stripe width. Hie corrections for beam w of FIG. 2 are also 
applicable here. FIG. Sb at position 6 shows reproduction of 
a complementary color in which S also is 50%. The beam 
scans, for example, G and R equally as determined by hue 
shift HV, thereby producing a true complementary but, as 20 
has been taught, intermediate hues — which are subject to 
error due to beam width — are correctable. 

The radiations from UVl and UV2 of screen 38-05 (FIG. 
5a) are distinguished by detector filters and/or by matching 
the sensitivities of photodetectors 28-51 and 28-52 (HG. 5) 25 
thereto. Each is responsive only to its respective source, 
thereby producing index signals il and 12 which are ampli- 
fied by 27-51 and 27-52 to suitable equal levels and con- 
nected to multiplicand inputs of divider 24-51. Index signal 
voltage level depends on the position of the beam relative to 30 
its index stripe UVla or UV2a, but it derives from and is 
also proportional to beam current as controlled by video 
signal M which is connected as the divisor input of 24-51. 
Result of the division is an output signal IP which may be 
designed to have a unit level substantially independent of 35 
beam energy but which contains information relative to 
acmal beam position. 

To provide an explanation of the AFC signal processing 
involved, a simplified example will be given. It will assume 
the uniform profile beam of unit width shown in FIG. 2c 40 
having unit current. When this beam is centered on a green 
phosphor as shown in FIG. 5a, it contacts neither of the 
index stripes, and il and i2, therefore, are both zero. As the 
beam moves onto UVl, il increases linearly, reaching a 
maximum unit value when the beam is centered on red. 45 
During this interval, 12 is zero. Now, if the beam is moved 
from green to red, 12 increases to tmity and il remains zero. 
These are the signal changes which provide APC informa- 
tion as to the beam's position on the triad. The index signal 
processor 24-51 is chosen to have a configuration to provide 50 
a signal shown in FIG. 5c at position 1 directly indicative of 
this change, which signal should then correspond to the DCS 
signal induced beam movement as shown by the examples 
of FIG. 56. Signal 12 is applied to a "plus" multiplicand 
input and signal II to a '"negative" input of divider 24-51. 55 
The circuit has a+ gain after normalizing for M, its divisor 
input, and has a-H> offset which occurs when II and 12 are 
zero. Its output IP is shown at position 1 of FIG. 5c. When 
the beam is centered on red, IP is zero, on green it is -H- and 
on blue it is +1. This is set up exacUy opposite to die color 60 
sq)aration output signal CS of summing amplifier 23-52 
which is shown at position 2 of FIG. 5c, and the signals are 
shown to reverse over the triad range of FIG. 5a. 

Signals IP and CS are mixed at the input to summing 
amplifier 24-52. As described above, the signals are set up 65 
to be equal and opposite resulting in zero output from SA2. 
But this set-up condition requires the beam to be in the 
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position as described If there is error in beam position 
compared to that prescribed by DCS control signal CS, the 
output will be position error ±AE which is sent through 
polarity reversing switch comprising inverter 24-53 and 
switch 24-54 operated from VD as previously described for 
HV to provide an error signal of consistent error sensing 
directioa This signal is fed to APC error circuit 24-55 whose 
function is to integrate or accumulate and amplify succes- 
sive errors. The output is connected through sunmung driver 
23-56 to the minor deflection plates 35 where it drives the 
beam with optimum response in well known manner in a 
direction to cancel the errors. The DCS output signal CS is 
also summed at the input of driver 23-56 and thereby the CS 
signal is also coupled to plates 35 to perform color separa- 
tion as described with respect to FIG. Sb. 

In practical application, beam width will not be idealized 
as described. UVl and UV2 of FIG. 5a show alternative 
v/idened index patterns, the width being chosen to match the 
beam so as to obtain a substantially linear position sensing 
signal shown at position 1 in FIG. 5c for either example. 
Alternatively, linearity response error may be couected as 
required to match the system parameters used by metiiods 
which have been described herein for other such errors, or 
the index pattern may be altered to match a desired response 
and an example of this will be described. 

As a consequence of the reversing triad pattern used in 
this display, any waveform such as die sine wave described 
which will provide dynamic color separation in the region 
from red through green and blue (positions 1 tiuough 6 of 
FIG. 5fc). cannot provide the hue shades of the complemen- 
tary color magenta requiring red and blue. Accordingly, 
although not critical, these hues must be generated by other 
means. This is accomplished in the display of FIG. 5, for 
example, by veiy rapidly switching the beam from the blue 
to the red stripe whenever the color separation waveform 
causes beam deflection to go beyond the center line of the 
blue stripe (position 2 of FIG. 5a). The action is reversed in 
the direction of red. This is accomplished by voltage com- 
parators 23-54 and 23-55 which receive output voltage CS 
at their negative inputs. The positive input of conoparator 
23-55 is preset to a voltage level vl which is equal to voltage 
CS when it corresponds to beam position 2 of FIG. 5a when 
centered on blue. When CS goes more positive than vl, the 
output of 23-55 switches from a positive to a negative 
limiting voltage and this voltage is coupled to the summing 
input of drive amplifier 23-56 witii a gain value which 
causes the beam to jump from blue position (2) to red 
position (3). The positive input of 23-54 is similariy con- 
nected to v2 level corresponding to red and when CS goes 
more negative than v2, the beam jumps to blue. This circuit 
maintains color separation across the RB color region. 

FIG. 6 is a block diagram of the DCS and APC circuits of 
display 20-6 which uses CRT 31-03 witii vertical stripe 
triads 38-1 and three beam gun 32-03. The beams are 
modulated by R, B, G video from signal processor 11 and are 
fully arrestol at each triad, each beam landing on its 
respective color phosphor to reproduce its primary color 
component of the display output lb this end, the general 
display features and variety of applicable correction require- 
ments have been described witii respect to FIGS. 1, 2 and 3. 
One index signal is* generated from index pattern 38-33 of 
FIG. 2e which has edges centered on each color stripe and 
acts to correct the positions of the beams to center on Uie 
stripes. The pattern reverses on alternate triads thereby 
providing bi-directional balanced APC action and providing 
means to identify triads to which Uie beams must be posi- 
tioned rather dian just individual stripes. 
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Hmcr block 22-60 provides the functions and signals 
described with respect to timer 22-00 of FIG. lb which are 
necessary to the operation of the dicuit of FIG. 6. Color 
separation requires use of the triad zero time drive reference 
pulse DR which is an input to and controls the dming of 
ramp generator 23-61 to generate output RR (FIG. 2e, 
reference ramp generator 23-01) which is herein modulated 
by Ac input to maintain beam'aiiest over the format area 
thereby providing the DCS function. The signal RR and the 
ou^t AFC of automatic position control drcait 24-02 are 
summed in drive amplifier 23-06 to provide minor deflection' 
drive signal DD, the DCS output to plates 35. 

Video signals R, G and B are shown connecting to GIR, 
GIG and GIB. They are also summed in signal processor 
amplifier 11-60 whose ou^t M* corresponds to brightness 
signal M It is to be noted that the processing occurs before 
application of gamma correction 11-03 to the grid signals. 
Index UV detected by photodiode 28, amplified by 27 
provides positive index signal I as previously described. I 
and are of opposite polarity and are adjusted to have 
equal response and amplitudes when the beams are centered 
on the index pattern edges. Signal linearities arc adjusted so 
that this relation will hold at all signal levels. The signals are 
summed in amplifier 24-61 whose output will, therefore, be 
zero under the conditions described. However, if the beams 
move oflf the centers of the stripes, an error signal will be 
graerated which reverses polarity on alternate triads due to 
index pattern reversal. This signal provides APC action and 
as described with respect to FIG. 5, such signal is propor- 
tional to beam current which herein is M* so the signal may 
be designated ±AE M* . It is connected to one pole of switch 
24-04 and to the input of inverto" 24-03 whose output 
connects to the other pole of switch 24-04. Signal 2T from 
timer 22-60 actuates the switch to provide a unidirectional 
output signal connecting to the multiplicand input to divider 35 
24-01. Signal M* is connected to the divisor irq)ut thereby 
providing an ou^ut unit signal AE substantially devoid of 
brightness variation, but whose amplimde and polarity is a 
measure of beam position enor. Signal AE is applied to AFC 
circuit 24-02 which accumulates the error and applies its 40 
output to reposition the beam via driver 23-06 to cancel the 
enor. 

The APC signal is used in FIG. 6 to provide two additional 
correction functions. Itiese functions are generally appli- 
cable to the automatic position signal of other versions 4S 
herein in the same manner as to be described, but will only 
be specifically shown once. Hie APC output signal is 
applied to a filter shown symbolically as Rl/Cl which 
extracts and passes the H line frequency error component to 
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The circuit is an alternative to the pordon of FIG. 6 which 
generates the AE error signal the CRT screen has no separate 
index pattern. Instead. R, G and B output is received by 
photodetectois 28-6R, 28-6G and 28-6B. Each detector is 
made to respond only to its color component by selective 
filtering of its input and/or by the selecdvity of a detector 
itself After amplification by inverting amplifiers 27 R, G 
and B, the signals are fed to respective R, G and B index 
signal processor/detectors 24-6R, 24-6G and 24-6B which 
do the error extraction similar to 24-61 of FIG. 5. But they 
also remove background signals. Direct use of the index 
signals would result in false background signals coining 
from unwanted regions of the CRT. This is because each 
phosphor has a relatively long decay time characteristic so, 
for example, there may be substantial amounts of red 
illumination from other than the instantaneous position of 
the red beam; but the latter is the only position to be 
corrected— therefore, the only one which should supply a 
signal. Separation of this instantaneous signal from prior 
background is achieved by video signal processing. It is 
basically the same for each channel, and circuit details for 
the red channel will be described. Red video feeds into an 
integrator circuit 24-64 designed to match the response of 
the red phosphor. It integrates the total video signal content 
over time, but this total is bled back toward zero by the 
decay time constant (TC) of the integrator which is. made to 
match the decay characteristic of the phosphor. The integra- 
tor output, therefore, always has a negative magnitude 
proportional to the total background light being emitted by 
the red phosphor. It is fed into the positive input of a second 
adder/integrator 24-65. This integrator responds at much 
faster speed than the first Its function is to measure the error 
current during each triad interval T (nanoseconds) whereas 
a phosphor decay may be in milliseconds. The index signal, 
also having a negative background level and a negative 
instantaneous signal component proportional to instanta- 
neous red video is fed into the negative input of 24-65. 
Circuit gains are adjusted so the two background levels are 
the same, resulting in zero background level output but in a 
negative index signal representative of instantaneous beam 
position. A component of R video is delayed equal to the 
response delay of the indexing signal output and it also is fed 
to the siunming input of 24-65. Its magnitude is chose to 
equal the red index signal when the beam is centered on red. 
The resultant ou^ut is again zero unless the beam moves off 
center. 

The Output from each processor is a signal which 
increases from zero as its beam moves ofT stripe centra* in 
either cfirectioa These signals are proportional to their beam 



amplitude detector/amplifier 22-61 (the control equivalent so currents. Each processor output is therefor summed in OA2 



of 22-01, FIG. lb) whose output provides an automatic 
frequency voltage control signal AFC to lock master oscil- 
lator frequency of the timer to match triad finequency as 
described in FIG. 2b. 

The APC signal, as previously described, is capacitively 55 
coupled to the minor deflection plates where it makes high 
speed response correction to beam position. Low pass filter 
R2/C2 is designed to pass the APC low frequency error 
content through amplifier 24-66 to provide an automatic 
centering control signal ACC which is connected to the 60 
centring control input of X deflection amplifier 16 (FIG. 1) 
where it corrects any X circuit drifts, thereby to maintain 
centering of the line scan. 

In FIG, 6a, there is shown a circuit variation for index 
signal generation which is particularly suitable for use in 65 
projection systems or other displays whose RGB lununous 
output components are readOy available to detector devices. 



(24-66) after division by its video in divider 24-OlR, G, B 
(all as has been described with respect to FIG. 6) to provide 
output signal AEa whose magnitude is only dependent on 
departure of the beams from the centers of their respective 
phosphor strips at each pixel. 

Because in this embodiment the error shift is unidirec- 
tional, the +2 output 2T is fed to the APC circuit 24-62 
where it reverses error sensing direction each cycle to 
compare and balance the error signal over two cycles. In 
order to provide direct error sensing for FIG. 6a, it is 
necessary to provide a screen in which each stripe is 
separated by what is referred to as a guard band 1 shown at 
FIG. 6^. The purpose herein is not to guard the beam, but to 
provide edges by which its position may be readily detected. 
The color strips are therefor made just wider than average 
beam width, the optimum being so that electrons only from 
the wide skirts are blocked out (see FIG. 2c, beam w). Then 



06/28/2004, EAST Version: 1.4.1 



5,585,691 

23 24 

a shift from diher direction rapidly changes signal strength, saturated primary hue FIG. 7c, positions 3 and 4, shows the 

the signals being highly non>linear. beams converged 50% which corresponds to 50% saturation 

As described thus far, FIG. 6a carmol detect well whether signal amplitude, 

its beams arc on the correct colors. Any beam win excite Wth reference to FIG. 7c, position 2, it will be noted first 

either phosphor But if the *'on" beam is wrong, it and its s that the amphtude of ramp signal CS is a maximum and is 

adjacent channels will put out large false signals and these adjusted to arrest the three beams on green during the time 

are used to abruptly shift the beams to their correct location. interval T of crossing one triad to thereby produce a sam- 

This is accomplished by inverters 24-67 and the net of rated green output Second, the beam at phase i=zero may be 

AND/NAND gates 24-68 in coiijunction with output diodes shifted plus or minus in time so the beams land at any other 

providing a plus and minus input to APC 24-62. An error lo hue in conformance with chrominance C shift In FIG. 7c, 

sends a right or left shifting pulse to the opc drcuit which position 3, phase i has shifted to the complementary color 

moves the beams one stripe to the correct position. The cyan comprising equal parts of G and B, and the center beam' 

action is similar whether arising from any one channel or all is centered on the boundary of these two color stripes, 

three. However, at a complementary color, NTSC decrees that 

FIG. 7 is a block diagram and illustrations showing is saturation S shifts to 50%. Therefore, the outside beams go 
operationof a color display embodiment disclosing a unique to 50% convergence, one landing on B and one on G as 
method of dynamic color separation and a preferred APC shown. For preliminary explanation purposes, it will be 
circuit This display uses vertical triads and a CRT gun assumed that signal SV is no coimected to the ramp gen- 
having three multi-aperture beams similar to that shown in erator 23-50 so that the beams are fully arrested throughout 
FIG. 6, but in this example, gun 32-02 is used wherein all 20 each triad interval in the positions as shown. FIG. 7c, 
apertures are controlled by one grid 32-22, and the video position 3, then produces a fiilly saturated complementary 
input to tills grid Gl is brighmess signal M'. Whereas tiie (cyan) output having exactiy equal parts B and G. Similarly, 
embodiment of FIG. 6 has an equivalent brighmess tiiree FIG. 7c, position 1, illusttates equal pans of R, B and G to 
times larger than the one beam venions, this embodiment producer a white output. In FIG. 7c, position 4, the beams 
provides an additional increase by a factor of three for 25 are 50% converged and centered on G. This corresponds to 
saturated colors. The DCS artion is provided by tiie linear a 50% saturated primary green comprising one half saturated 
ramp waveform SR of FIG. 2e which is only partially green and one half white which converts to % G, B and 
amplitude modulated by saturation signal SV, primarily R. 

causing beam arrest as in FIG. 6, and the arrest is time Thus, the DCS system demonstrates true color separation 

controlled by hue phase drive pulse Di. In tiiis embodiment, 30 at 13 major points of tiie color spectrum which are not 

DCS is also enabled by convergence modulation of the R critical to beam width. As shown in FIG. 2a, however, but 

and B beams. Reference is made to FIG. 3^ showing normal to a lesser extent, there will be errors (maximum at hue 

urunodulated location of the three focused beam groups, intermediate to primary and complementary colors corre- 

each to its color on a pixel at .the center of the CRT screen. sponding to tiie 30' phase shift position) which are depen- 

The actions have been described (ref. FIGS. 1-3) for focus 3S dent on beam width and profile. In tiie above examples, 

modulation and the full complement of distortion conec- perfect separation at all points is achieved only with tiie 

tions, which must be provided to maintain this pattern uniform profile, unit width beam of FIG. 2c which is 

relationship throughout raster scan of the screen format in^ractical. This problem can be essentially eliminated in 

Referring to FIG. 7, a ramp generator 23-71 has inputs V Uiis embodiment by applying a component of SV to tiie 
(modulated by Ac) and hue timing Di and it generates output 40 anest raxap output signal of generator 23-71 so that a narrow 
CS which has been described by examples 23-01 and 23-10 beam may not be arrested as fully as shown in the above 
(FIG. 2d) for tiie RR and SR graphs of FIG. 2e. Signal CS exanq)le, tiicreby having an equivalentiy greater and more 
is connected to tiie input of drive amplifier 23-06 also having uniform widtiL Accordingly, as optimum combination of tiie 
APC and hue adjustment (23-05, examples previously convergence and beam arrest magnitudes may be provided 
shown) inputs and whose output DD is connected to the 45 to match a specified beam width and profile, this embodi- 
beam minor deflection plates 35 of CRT 30 having gun ment thereby providing a high performance and non-critical 
assembly 32-02 where Ihey provide beam ancst which, in color separation function. It will be described as a preferred 
tiiis display exan^jle due to control by Di timing, occurs at embodiment for the ASPC circuit of FIG. 7a which uses 
the beam position on the triad corresponding lo dominant time pulse processing to detect correct hue position. The 
hue i. This action will be illustrated by diagrams of FIG. 7c. 50 DCS of FIG. 7 may, however, be adapted to use a variety of 
Saturation signal S V is also provided to drive amplifier 26-6 APC circuit configurations (such as described for FIGS. 8 
whose output connects to deflection plates 33-10 or 33-10o and 9) generally shown by block 24-70 in FIG. 7. 
which control convergence of tiie tiuiee beams. This action The UV input to photodetector 28 of FIG. 7 generates 
shown in FIG. 7c provides color saturation control thereby signal i which is amplified by OA 27 and divided by video 
completing dynamic color separation. Signal M is fed to 55 M in analog divider 24-01 to provide an index signal 
gamma correction circuit 11-01 which converts M to non- substantially devoid of brightness contrat, but which con- 
linearized signal M' which is conneoed to CRT Gl to veys position information at a *\initized" level. This pro- 
control beam current in a well known manner,, thereby vides a basic index signal which functions over the format 
providing display brightness output. scanned area and which is input to APC circuit block 24-70. 

FIG. 7c illusuratcs tiie color separation action of this 60 In generalized form, time control TC signal and hue/satu- 
display. FIG. 7c, at position 1, shows the three beams ration HS signal information is required to provide genera- 
arrested on a color triad in normal positions where each is tion of an output APC signal Besides direct high speed 
striking it own phosphor when the convergence control position control the output may provide frequency control 
signal input SV is zero. Equal vahies of primary colors and scan centering control. In most of the figures herein, 
produce white output FIG. 7c, position 2, shows tiie tiiree 6S APC is shown going to the minor deflection plates 25 which 
beams converged onto one phosphor (G) when SV signal is are only AC coupled. In such arrangements, tiie description 
a maximum (e.g., a value of one) conesponding to a is concerned with the immediate triad position response and 



06/28/2004, EAST Version: 1.4.1 



5.585,691 



25 



26 



a DC coupled path to frequency or centering control for low 
frequency drift, etc. is presumed 

The DCS circuit of HG. 7 may be used with zero time 
reference pule DR replacing Di in which case hue shift will 
be obtained by adding HV to the input of summing amplifier 5 
23-06 as in other embodiments. As alternate examples, the 
APC may be that as described in FIG. 8 in which case the 
complete APaindex circuit of FIG. 8 is used. Or, the APC 
may be that as to be described in FIGS. 7b, Sb and 9b with 
the circuits and index pattern of FIGS. 8a and 9a. In the use 10 
of HG. 76, the acquisition pulse AP may be pulse RT or a 
time widened version of the same because, for FIG. 7. hue 
position is held substantially over the full triad time T. 

FIG. 7a is a block diagram for a time pulse controlled 
version of APC, block 24-70 and FIG. 7b is a plot of its 15 
operating waveforms in relation to screen section 38 having 
triad pattern 38>1 and index pattern 38-34 (see FIG. 2e). In 
this embodiment, the hue saturation HS control input is the 
saturation signal SV which has been non-linearized to 
match the desired output The time, control inputs are clock 20 
CK and Ji pulse which, of course, also contains HS hue 
position information and is shown, by way of example, 
centered on green at zero phase. The H and CK signals are 
supplied to a flip-flop 21-21 which generates the i/3 pulse 
which was described with respect to RGS. 2^ and 2^, the i/3 2S 
pulse having a width herein proportional to hue shift i ova* 
one color stripe. Tht timing of these waveforms and the 
frequency dividers 22-73 and 22-74 having respective out- 
put 2T and 4T as used in the circuit of FIG. 7a are shown in 
FIG. 7b in relation to the beam arrest ramp RR of FIG. 7 as 30 
well as to the index pattern. 

FIG. 7b shows a plot of index signal II as would occur for 
uniform scan of a beam across the index pattern at constant 
beam cunent. The signal only provides useful position 
information at transitions across the edge of the index 35 
pattern. The beams herein do not scan. They are arrested at 
dominant hue position each cyde. For the example (green) 
herein, dots at positions 1, 2, 3 and 4 show the index signal 
values. Positions 1 and 2 have the green hue information, but 
the direction at 2 is inverse to that at 1. The signal at 3 is zero 40 
and at 4 it is 1 and neither of these will change with hue shift 
over its green stripe. The circuit of FIG. 7a selects those 
index positions (1 and 2 of the example) which show beam 
position. Their index signals are compared to the i/3 pulse 
hue information in an APC detector to extract the beam 45 
position error signal comparable to AE. But, in this case, the 
signals are timed pulses of current generated by Ql and Q2 
and integrated by capacitor CI to provide an APC signal at 
the output of amplifier 24-76. 

Wiih reference to FIG. 7a, the negative edge of H triggers 50 
FF 21-21 and it is triggered back by the next negative clock 
transition to generate the i/3 pulse having a widtii propor- 
tional to hue phase i in relation to its color stripe. The inverse 
of i/3 is connected to the base of Q3. When the inverse of i/3 
is high (positive), the emitter of Q2 is driven more negative 55 
than its base and its collector, therefore, can draw no cunent 
When i/3 pulses negative, Q2 generates repetitive current 
pulses ii proportional to hue phase and they charge Ci 
positive. Tl also triggers divider circuit 22-73. When its 
output (2T) is positive, corresponding to index positions 3 60 
and 4, it holds Ql emitter more positive than Ql base so 
there is no collector current Index signal U is applied via 
inverter 24-03 and switch 24-04, as has previously been 
described to provide a unidirectional index signal containing 
beam position information which is applied to the base of 65 
Ql. Switch SI is controlled by 22-74 at die rate of 4T to 
correspond to index pattern reversal and H shifts timing 



intervals to correspond to index transitions. Transistor Ql 
turns on during the negative T intervals of 22-73 correspond- 
ing to II at positions 1 and 2 and generates pulses ij 
proportional to U and they discharge CI. The circuit is 
adjusted such that i, balances ij when beam position error 
vs. hue is zero establishing a reference voltage level on CI 
which is ajpplied to a very high impedance input of 24-76 
whose output as previously described, drives circuitry which 
corrects any beam error thereby to maintain the rrference 
level. 

The above description has assumed a full saturation beam 
at a primary color. As hue shifts the beams to the edge of an 
index stripe or as it is spread by reduced saturation level, the 
index signal is reduced. In order to compensate for this index 
signal's non-linear dependence on hue and saturation, these 
signals (SV & inverse ^ obtained from i/3 through filter 
21-22) are applied to modulator 21-73 which generates an 
output signal applied via Rl to modulate ii to match the 
index variations. 

The embodiment of FIG. 8 is a single beam DCS display 
using the CRT gun 32-01 and vertical screen triads 38-10. 
The DCS wave form is signal SR from saturation modulated 
ramp generator 23-10 which was described with respect to 
FIGS. Id and,2e. The discussion of errors with respect to 
FIG. 2a and the methods for their correction described in 
FIGS. 2d and 2e are directiy applicable to waveform SR. 
The gun herein, having a substantially elongated beam to fit 
the pixel and, therefore, providing higher brightness and 
resolution, also requires, the scan corrections and beam 
controls of the overall system as previously described with 
respect to FIGS. 1 and 3. The method of color separation 
using waveform SR has been described in detail in the prior 
art, but the error deficiencies have been generally ignored. 

The circuit of FIG. 8 provides a complete working system 
having all the corrections necessary to obtain satisfactory 
color output. This DCS is then combined with a unique CRT 
indexing pattern (FIG. 8a) and automatic position control 
(waveforms FIG. 8fr) which corrects substantially the hue 
position of the beam thereby to eliminate hue shift as a 
dominant error as has occurred in prior art disclosures. 

HG. 8 shows the interconnections of a number of func- 
tions required and previously described for performing DCS 
and APC. Thus, signals C (which is assimied to have been 
converted to match color triad period T) and Y are provided 
to divider 21-01 to generate signal S which, at the output of 
21-02 detector/filter, becomes SV and is used to modulate 
the output ramp SR of ramp generator 23-10. Reference 
pulse DR is an input to ramp generator 23-10 and controls 
the ramp timing. Signals FR and Fe trigger MV 21-06 to 
generate Tg which becomes hue control signal HV when 
filtered in low pass filter 21-07. Detection of UV screen 
radiation by photodetector 28 produces index signal i which 
is amplified and inverted by 27 and becomes -Im, the input 
to divider 24-01. A unit index signal U whose polarity is 
inverted on alternate triads due to reversal of the index 
pattern is produced by dividing I by brightness signal M. The 
inverting index sigiial is coimected to switch 24-04 and 
inverter 24-03, The switch is actuated by +2 circuit 22-13 
which is triggered by pulse DR alternating at Vi the triad rate 
to provide a imidirectional index signal II which provides 
one input to APC circuit 24-02. The APC output, HV, hue 
correction ^c, SR conection and a hue adjustment voltage 
23-05 are summed at the input of drive amplifier (OAl) 
23>06 and provide the DCS output control waveform DD 
coupled to plates 35 of CRT assembly 30-8 having all 
features as described hereirt 

The above are elements and circuit block functions pre- 
viously described either in preliminary system descriptions 
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or as elements of prior embodiments which are herein tied 
together to show the complete control circuit detail of a 
specific DCS/APC color display. The APC system action is 
more ftiUy described in connection with the diagrams of 
FIGS. 8a and Sb, FIG. Sa illustrates a small section of screen 
having two color triads 38-1 and an index pattern 38-38 on 
the rear side. Hie index pattern is unique^ constructed in 
that it is not a solid stripe and instead provides an index 
signal which varies spatially across the triad. This may be 
obtained, for example, by changing area density of a UV 
phosphor such as by elemental area design or by use of a 
variable density screening pattern, a technique well under- 
stood in the printing industry. The result is illustrated in FIG. 
8a by use of a variable height pattern' to represent the 
variable density pattcm. The density of the pattern is con- 
trolled to provide an index signal amplitude, resulting from 
scan of a constant current beam of prescribed width and 
distribution across a triad, which corresponds to the hue 
signal HV amplimde, which is the signal used to cause beam 
scan across the triad in selecting dominant hue to be pro- 20 
duced. Thus, index signal voltage i becomes directly pro- 
ponional to HV and is an instantaneous measure of beam 
position on each pixel. The pattern 38-38 is made to change 
direction on alternate triads as shown. 

Behavior of the index signal corresponding to color 25 
separation action of an approximately 50% saturation signal 
SR in being shifted from R (wavefonn bl) to B (wavefonn 
b2) by hue signal HV is shown in FIG. 8f>. At position plot 
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15 



generator 23-81 (see 23-01 of FIG. 2d) driven by uiad lime 
pulse DR and generating ouvpui -RR is provided. Signals 
SR, HV and -RR are added at the input of summing Op Amp 
24-81 to provide simulated deflection wavefonn SD at its 
output. Except for departures at bla (FIG. 8a) and b2a, it 
matches the index signal and is made equal and opposite 
thmto for zero beam position error. SD and -U when 
summed at the input of APC error control circuit result in a 
zero output signal. If, however, the beam goes in error 
towards red, a plus error signal (for example) rapidly devel- 
ops and a negative signal develops for beam error toward 
blue. As in the prior description, APC acts to deflect the 
beam to reduce this error to zero. The system, having bipolar 
enor detection, reduces the error between alternate cycles to 
a balance point so the system does not depend on absolute 
values of its operating parameters — ^for example, gain bal- 
ance error or changes due to non-removal of M are balanced 
over two cycles whereas a position error becomes doubled 
by APC error summation until it is removed by beam shift. 

The index reversals noted above at FIG. 8i> at bla and b2a 
are simulated by the circuits comprising differential input 
amplifiers A3 24-82 and A4 24-83. The positive input of 
OA3 connects to a voltage corresponding to the B-R bound- 
ary at plot bla of FIG. 8i>, and the positive input of A4 
connects to a voltage corresponding to B-R at plot b2a of 
FIG, Sb, both levels being in reference to the simulated 
deflection SD voltage levels of 24-81. The negative mputs of 
above OA's are connected to SD signal The A3 and A4 
outputs connect through diodes to resistors Rl and R2. 



bl, corresponding to ramp SR, the beam moves from a B 

stripe (dotted) to the R stripe, thence to the G stripe (shown 30 Whenever SD goes beyond +V level, the output of A3, 

solid). The corresponding index signal i after normalization which has been at a plus limit, quickly goes negative 

to become II (shown solid) is always positive because it is engaging its diode to Rl and R2. This action by feeding back 

a function of the pattern of FIG. Sa, staits at the left with through Rl to the input of A2 transfers its signal to A3. The 

amplimde shown at bla, decreases to zero at the BR border, signal component shown ai FIG. Sb, plot fl in relation to 

and then goes positive again, its plot coinciding with SR as 35 triad timing is connected via R2 to be sununed at 24-02 input 

showa At plot b2, centered on B due to hue shift, the index and matches the index boundaiy reversal component of plot 

signal follows SR (and HV amplitude) until it gets to the BR b2a of FIG. 8^. In similar manner, when SD goes negative, 

boaider from which it decreases reaching a final value at b2a A4 activates to generate the component f2 matching plot bla 

corresponding to beam movement b2 (again dotted) onto R. of FIG. Sb. the latter corresponding output SD is shown by 

At intermediate color values, revers^ of the index signal 40 plot el wherein component e2 is zero. In similar manner, 



disappean, it being in all cases determined by the beam 
crossing a triad border which in the discussions here has 
been chosen as the R-B border FIG. 8fc also shows the beam 
movement across the triads due to the composite action of 
output signal DD and the major line scan deflection X. The 45 
line scan is the straight line CI shown centered on green hue 
resulting when ramp SR has zero amplitude and producing 
monochrome output, hence the M vector. Ramp waveform 
C2 illustrates low saturation green producing composite 
DCS, the wavefonn corresponding directly to index signal 50 
II, shown at dl below just as it did for the coincident 
portions of waveforms bl and b2. However, at C3 (one triad 
earlier) II waveform dl slope is reversed. The complete 
waveform corresponding to scan C2-C3 for II is shown at 
dl. After i has been amplified, M variation removed and 55 
reversal action of SI applied as described, the signal 
becomes -11 shown at dl2. Signal -U is an inverse dupli- 
cate of beam control action within each triad cycle, and it 
operates for any version of beam controlled color separation 
waveform. It may. therefore, be compared to a voltage. 60 
simulation of composite beam motion, the comparison 
showing any error in actual beam position. 

Horizontal line scan is a major componem of each triad . 
scan and. in order to provide a waveform corresponding to 
composite scan for conqiarison to the index signal, a com- 65 
posite simulated waveform is generated. To do so in the 
circuit shown in FIG. 8, a constant amplimde negative ramp 



when SD goes negative, A4 activates to generate the com- 
ponent £2 matching plot bla of FIG. 9b. 

There are several index circuit variations which may be 
made based on other basic concepts of operation and other 
index patterns but which, as described above, use the input 
color separation signal information to generate a beam error 
signal AE. The embodiments of FIG. 8 and FIG. 9 to foUow 
are similar except for their difference in color separation 
wavefornL Index variations will be described for both after 
the description of operation of FIG. 9. Both FIGS. 8 and 9 
use a deflection simulator for comparison to the index signal. 
For this purpose, all the signals should be based on fixed 
pixel parameters; but DD output should have Ac modulation 
to match scan deflection variations. In HG. 8, this modula- 
tion is provided at the output driver 23-06 whose output is 
input to multiplier or modulator 23-07. Signal Ac is applied 
to the other input and it causes 23-07 to generate a Ac 
modulated component of DD which is fed back to the input 
of 23-06. The method is satisfactory for small modulation 
components. 

The DCS embodiment of FIG. 9 uses the DCS dme 
modulated wavefonn TR described in FIGS. Id and 2e, Its 
circuit blocks are 23-01 ramp generator, VC 23-02 and dual 
slope generator 23-20 providing output waveform TR. The 
resultant composite output D of FIG. 9 is shown relative to 
the associated waveforms in FIG. 9a. The circuit of FIG. 9 
provides the complete diagram for DCS and APC functions. 
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Since the TR generator 23-20 has an unusual waveform 
requirement, an example illustrating its makeup will be 
shown. The system uses votical triads and the single shaped 
beam gun 324)1 with video M* driving Gl. Other system 
requirements are substantially those described with respect 5 
to FIG. 8. The saturation separation of waveform TR is not 
as critical s is SR. However, prior ait has not recognized the 
discrepancy in separation requirements vs. NTSC behavior 
and this, as well as means for its correction, are described. 
Since the major function blocks have been previously lo 
described, their interconnecdon will be briefly reviewed. 

The DR input signal synchronizes ramp generator 23-01 
producing ramp RR, which with SV, corrected by PC, are 
inputs to VC 23-02. Its output TS is the timing signal applied 
to ramp gen^or 23-20, and it conveys the color saturation is 
ratio of output signal TR. Signal TR, hue signal HV, hue 
correction Be, and/or ^c, APC output and adj. 23-05 are 
summed in output driver 23-06 to provide the DCS output 
signal DD to deflection plates 35. UV torn index panem 
38-3 into photodetector 28 fees amplifier 27 whose output 20 
and video M are the inputs to divider 24-01. Its output 
connects to a pole of SI 24*04 and to inverter 24-03 whose 
output connects to the other pole. SI 24-04 is activated by 
+2 22-13 to reverse the index signal to correspond to index 
pattern reversal thereby providing unit index signal II to the 25 
input of the APC block. The TR waveform generator and 
several variations of indcx/APC action will now be 
described. 

Circuit 23-20 ramp generation beings with a constant 
current generator 23-21. This current is amplitude modu- 30 
lated by a small percentage of SV to control the degree of 
beam arrest to compensate for beam width as previously 
described. The plus state of signal TS, which connects to a 
switching time control input, actuates the generator produc- 
ing output ij which charges capacitor C to generate the rising 35 
slope of TR (ref. FIG. 2e, TR points 1-3). The corresponding 
composite deflection and simulated deflection output SD of 
24-91 is shown in FIG. 9a having an arrest time tj and scan 
time tj. When TS goes negative, its input to a second 
constant current generator 23-22 turns on current ij dis- 40 
charging capacitor C and thereby generating the negative 
slope of TR (FIG. 2e). Capacitor C provides a signal to the 
plus input of Op Amp 0A3 -23-23 which is set up to provide 
piedetennined signal amplitude and bias level. The bias 
level is oitical and must not shift widi timing, modulation, 45 
etc. The theoretical requirement is that iiti=i2t2 where the t*s 
are the current "on" times and t^T-t, or tj/r^l-ti/T 
Therefore, tJT=\-SV and i2Ai=SV/(l-SV) ^)plies assum- 
ing modulation only by SV. Its correcdon by PC modulation 
will be described subsequently. For the present condition, 50 
generator 23-22 is shown as a divider having SV input and 
configured to perform the above division. However, there 
may be circuit instabilities, corrections are required and as 
described, the i^ generator 23-21 has additional modulations 
applied. These changes can be adjusted by feedback means 55 
ttnploying a zero level detector 23-24 which is activated by 
DR ai the end of each cycle and controls the dividers unit 
level magnitude to conform to changes in ij. It may also 
employ a switching element 23-25 such as a FET to short the 
capacitor to zero at the end of each cycle thereby removing 60 
residual error and it may provide the same modulation to 12 
as was provided to ij. This is shown by dotted connection 
23-26. 

The NTSC signal does not conform, however, to the 
above theoretical color separation waveform disclosure of 65 
prior art NTSC provides correct saturation values for pri- 
mary hues, and the time modulated signal should be the 
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same for all shades through complimentary colors. How- 
ever, in NTSC saturation S goes to + at the complementary 
color positions resulting in a 50% desaturated color. This 
signal discrepancy is corrected by generating the PC signal 
which in FIG. 2e has previously been described. PC is used 
to amphtude modulate signal SV by applying both signals as 
inputs to simmung amplifier 23-S^ sudi that when SV has 
unit amplitude (at primary hue) then 23-94 output has unit 
amplitude (PC=0) and when SV goes to + amplitude caused 
by shift to a complementary color (PC=1), the corresponding 
voltage generated by 23-94 restores SV amplitude to unit 
amplimde, herein designated SV*. The result is tiiat hue 
shifts do not change versus time ratio which is ten only a 
function of saturation, and con^lementary colors are able to 
provide full saturation output level. Implementation of the 
corrections described for this embodiment provides a dis- 
play having true color fidelity and one which is not critical 
to and can be matched to beam parameters. A high perfor- 
mance set uses timer 22-9 to provide and lock in all the 
requisite time control signals of FIG. 2b required for the 
embodiment Alternative to the divider described above, i2 
generator 23-22 may be achieved by relying on high gain 
output from zero level detector 23-24 to provide the correct 
value of i2. TS, as before, serves to turn i2 on and off by any 
of well known means. 

As described for FIG. 8, modulator 23-09 served to 
provide Ac modulated output to DD. In this example, the 
inputs are Ac, hue HV and color separation TR signal. 

Referring back now to the APC section details and their 
action, there is shown summing amplifier 24*91 which 
corresponds in function to 24-81 of HG. 8. Its inputs areTR, 
HV and -RR. In this embodiment, since RR is generated as 
a positive ramp, it connects through inverter 24-92 to 
provide -RR to 24-91 whose output is SD — a voltage which 
simulates the composite beam deflection across each color 
triad as was desCTibed for FIG. 8. TTie SD output signal and 
-U are summed at the APC input leaving residual error 
signal AE. SD also connects to an input of VC12 24-93 
whose other input connects to a +1 voltage level correspond- 
ing to the blue-red triad boundary. The output of 24-93 
connects to an input of OR circuit 24-94. Triad time pulse 
DR is also input to 24-94 whose ou^t triggers +2 circuit 
22-13. 

DCS/APC circuit action is shown by FIG. 9a. Beam scan 
direction is shown by arrow v in relation to a screen triad 38 
having transverse stripes 38-1 and the index pattern 38-38 as 
described for FIG. 8a and to corresponding composite 
deflection control voltage signal magnitude arrow V at right 
while arrow t shows time scale plotted left to right. Zero time 
reference pulse DR (FIG. 2b) is the top waveform. The 
composite motion of the beam across a triad in performing 
an arbitrary color separation cycle controlled by saturation 
time signal TS is shown in comparison to simulated sepa- 
ration deflection voltage SD and time control signal TS 
below. The waveform illustrates production of an appropri- 
ate 40% saturated yellow — the complementary color pro- 
duced by hue HV positioning of the beam at the R-G stripe 
boundary during an arrest interval 2. The beam deflection is 
shown at position 1 (dotted) reaching the R-G border at time 
t=0. The plus slope of TR opposing line scan causes beam 
arrest during interval 2, producing yellow. The beam then 
moves lineariy to the next R43 border comprising interval 3 
to the triad B-R borer and interval la (corresponding to 
interval 1) to the R-G border where the cycle is repeated on 
the next triad as shown by 2a and 3a, During the constant 
velocity scan of intervals 1 and 3 on the triad, a white output, 
being equal amounts of R. G and B. is produced 
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The simulated deflection SD corresponds exacdy to the 
composite deflection just described except that at the end of 
each cycle at position 5, its waveform returns to the level 2 
at the beginning of the cycle. This signal will be the same as 
produced by the index pattern 38-38 described in FIG. 8, S 
except as therein, the index pattern and, therefore, the index 
signal reverses on alternate triads. In FIG. 9a» the index 
signal reaches its maximum positive unit value at the end of 
interval 3. In FIG. 9, switch 24-03 is actuated to cause 
reversal of signal II at the end of each triad with polarity lo 
chosen to produce ^1 at its output Signal -II is equal and 
opposite to SD assuming zero beam error. The sigxial input 
to APC 24-02 is thus eiror AE as has previously been 
described. 

Actuation of switch 24-03 as above described is accom- 15 
plished by VCl 24-93 in cooperation with time signal DR. 
When SD voltage level reaches +1, VCl switches state 
producing the VCl output pulse shown in FIG. 9a, Its 
positive edge is coincident with beam travel across the triad 
border and will shift in time, shown dotted, caused by a 20 
corresponding shift of the color separation voltage TR 
and/or HV. VCl signal may also disappear if there is no 
beam crossing during a cycle, such as by production of a 
saturated color. Frequency divider 23-13 is triggered by the 
plus output of OR 24-94 as shown by output of +2 circuit 25 
22-13 of FIG. 9a. This output shifts to the left to follow VCl 
pulse. When VCl disappears, the +2 circuit is triggered by 
the DR pulse input to OR as shown by the dashed line at 6. 
In this circuit, switching reversal always corresponds to scan 
across a triad border. Both the instantaneous value and the 30 
average value of the index signal per triad are equal to the 
simulated composite DCS signal SD. APC action thereby 
uses the color separation information to determine correct 
beam position rather than have it appear as a lai^ge error 
component which interferes on a constant indexing fire- 35 
quency. 

FIG. 9b describes an alternate APC circuit section which 
may be used in connection with the embodiments of FIGS. 
7, 8 or 9, and FIG. 9c shows pertinent control signal 
waveforms. In this circuit, the index signal is acquired by a 40 
sample and bold circuit SIR 24-05 which is activated by an 
acquisition pulse at input AP time to occur when the beam 
is at dominant hue position. Thus, an index output is 
provided which may be compared directly to hue signal HV 
via R2 and Rl to provide an APC output and as previously 45 
described. 

FIG. 9c shows as reference elements a section of triad 
38-10 and index pattern 38-38, triad zero reference pulse 
DR, hue phase pulse T6 and +2 switching signal 2T 
corresponding to reversal of the index pattern. There is also 50 
shown pulse RT, described in FIGS. 2b and 2c. which herein 
is timed to bracket the DCS waveform SR, zero level of FIG. 
8 and used to select the indexing signal when used for the 
APC circuit of HG. 8. Pulse TS or a shortened pulse PI, 
derived from TS. is used to select the index signal interval 55 
when the circuit FIG. 9b is used to generate indexing for 
FIG. 9 APC. This index method depends upon the fact that 
the beam position (average value) should correspond to the 
dominant hue position selected by hue signal HV. Therefore, 
for pattern 38-38, the unitized and switched index signal II 60 
should be equal to HV during the selected pulse interval. 
This relation is shown by the composite deflection (using 
SR) with respect to the corresponding sample and hold pulse 
time RT (see FIG. 2c) as used in connection with FIG. 8. 

The index circuits generating signal SD of FIGS. 8 and 9 65 
are replaced by the drcuit of FIG. 9b in which Rl connects 
to HV instead of to SD. Minus II is the signal input to 
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sample and hold S/H amplifier 24-06. For FIG. 86. the signal 
acquisition pulse AP input is RT and the output IH is the 
value of 11 during the acquisition time. It is held during the 
full cycle. Signal IH fed through R2 balances HV fed 
through Rl leaving AE error as the APCC.input. For me in 
the circuit of FIG. 9, the S/H san^)ling pulse AP may be the 
saturation time signal TS since beam position is constant at 
HV during this interval, or AP may be the naiiowcr constant 
width signal PI whose timing is centered on hue. When FIG. 
9b is used as FIG. 7 APC, the S/H drcuit is not recpiired 
because the index signal last for each full cyde. But, the hue 
HV input must be altered. In this case, a simulated voltage 
must be generated which accounts for both hue and satura- 
tion in a manner comparable to the development of other 
simulated voltages described herein. 

The indexing circuit of FIG. 9d, applicable to the circuits 
of FIGS. 8 and 9 and having the pertinent waveforms of FIG. 
9e use the same acquisition pulse as did the circuit of FIGS. 
9b and 9c as an input for S/H circuit 24-05 and the same 
signal mixing from Rl and R2 into APC circuit 24-02 as did 
the circuit of FIGS. 9b and 9c, thereby comparing the index 
signal to hue. These figures provide an embodiment which 
may be used with conventional stripe patterns of which 
operation for pattern 38-32 (FIG. 2c) is described hcreia 
Corresponding to index pattern 38-32, there is shown signal 
I as the beam is moved, corresponding to hue position across 
two triads. It has three signal reversals due to alternate triad 
as well as green index reversal. They will be switched 
dependent on position by SI and S2. A composite index 
signal will be generated by the circuit comprising output 
summing amplifier 24-86 and two voltage comparators Vcl 
24-87 and VC2 24-88. Hue signal HV is input to Rl. VCl 
and VC2. The positive outputs of VCl and VC2 are summed 
into SA 24-86. each to cause a Vi triad beam shift upon 
transition of the state of its ou^ut An input of VCl is set at 
a voltage level to cause a + transition when a plus HV sift 
causes the beam to deflect past the R-G border as shown by 
waveform VI. An irspai of VC2 is set to cause transition of 
V2 at the O-B border. Hie output -IH of SA 24-86 feeds 
through R2 to provide index to balance hue at APC 24-02 
input 

As has been previously described, index signal I is 
processed through divider 24-01, inverter 24-03, switch 
24-04 and S/H circuit 24-05 and the output is the index input 
to SA 24-86. Output VI of VCl and inverted output V2 of 
VC2 are input to AND gate 24-89. Its output V3 is positive 
when hue HV corresponds to red or blue, but goes negative 
on greea Output V3 actuates S2 to feed the 2T output of -1-2 
circuit 22-83 to SI when positive and to feed inverted (bar) 
2T when negative. Accordingly, II is not only reversed on 
alternate triads, it is reversed back if hue falls on green. The 
action in generating index signal -IH is shown in FIGS. 8C 
and 9C. 

The conversion of signal I into signal IH and then into 
-IH* may be followed as the beam is moved across the two 
triads generating I as described above. In movement across 
the first Oeft) red stripe, the beam moves from fully ofif the 
first index stripe (1=0) to fully on (I=VS) generating die first 
rising slope signal (R). As die beam moves from red lo 
green, it moves off index 1 an I decreases. IH signal 
corresponds to I across red At the border, the transition of 
VCl switches S2, thereby SI, reversing IH slope and 
returning it to zero where cycle 1 is repeated in movement 
across green. At the R-G border, the transition VI is added 
to I returning signal -IH* bade to its -VS value which 
increases to at the G-B border. Here the V2 transition 
causes a second switch reversal and anotiio- added VS 
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inciemeDt to repeat the process. At the B-R triad border, the in substantially larger light acceptance angles as shown at 1 

+2 causes signal reversal and both VCl and VC2 are reset and 2 than would otherwise be possible for a given lens 

to zero. The result is a triple transition at SA 24-86 output size — hence increased lens speed and lower aperture num- 

returning the signal to zero where the cycle is repeated for ber. This change is made possible by the curved CRT 

the second triad but with both switches being invuted. s faceplate. Light emission from a luminous spot is most 

Signal -IH* will be noted to be the inverse of hue HV, intense perpendicular to die suifece. At the screen center, the 

thereby providing the error comparison voltage. The only normal ray 1<; goes into the center of the lenses system and 

difference in embodiments 8c and 9c is tiliat the S/H enabling the major paxt of spot 1 emission can be collected by lens 

pulse for 8c is RT and for 9c is TS or Tl. In actual operation, 39-74. For a flat screen the center of ilhmiination, spot 2c, 

the beam docs not move from cycle to cycle as has been lo would be directed at the lens edge with large loss of 

presumed in order to show generation of the described intensity. The screen curvature is chosen so that the spot 2c 

curves. Hue may stay at relatively fixed values for indefinite emission is direaed to enter near the lens 39-74 center and 

numbers of cycles resulting in signal levels equal to the it collects the bulk of emission at position Z Thus, there is 

corresponding position on the curves. provided a high speed lens system having uniform output to 

TTiere has been a growing demand over recent years for 15 the full projected screen area. It is necessary to shape the 

larger full color screen displays — a major area being con- elements, primarily 39-73, to conform so the curved CRT 

sumer TV sets. The, standard direct display CRT bulb screen provides uniform optical focus over the fuU area of 

becomes too bulky for such application and development the projection screen and to provide an adequate degree of 

has been chaimeled to projection systems. There has been no achromatic correction. In respect to the former it may be 

single bulb CRT having light output adequate for such 20 noted that the screen curvature is in the direction by which 

application, so development has been directed to a variety of wide angle lenses typically need correction and, In respect to 

designs using separate R, G and B tubes, the outputs of the latter, that correction of red and blue need not be better 

which are aligned precisely to superimpose their color than one pixel. 

displays. These designs being directed to 3 tube require- It is desirable to provide a projection system with directiy 
ments having not provided a preferred optical arrangement 25 luminous pickup as has been described for FIG. 5a This 
for a one tube design. Means have been described herein for may be done using the wide angle peripheral light not picked 
obtaining a one to two order of magnitude increase in up by the lens system. Two alternate methods use photo- 
brightness for a single bulb CRT. These means have included diodes 28- la or 28-2a (only one each being shown) but it 
optimum utihzation (3 to 10 times) of pixel area which will be apparent that several of each color may be used as 
reduces both cathode and phosphor area loading. Beam time. 30 required to obtain uniform response from all areas of the 
utilization increases output 5 times. Three beam versions phosphor screen. In the first method, the cooling liquid 
provide another 6 tunes increase. A further substantial 39-72 is chosen to have a substantially higher index of 
increase can be obtained over present slate-of-art optical refraction tiian die faceplate 37-70 or the lens 39-73. Wide 
system, whereby lens speed is maximized while obtaining angle luminous output of the beam is then trapped in the 
the same picture edge as center transmission. FIG. 10 shows 35 liquid which acts as a light pipe conveying this illumination 
die features of a preferred CRT projection system embodi- to a convenient pickup point for photodiodes 28-la. The 
ment using the teachings of this application. light trap action also serves to prevent halo and other stray 

FIG. 10 shows an X-Z plane cross-sectional view of die light reflections within the optical system tiiereby increasing 

front end (see FIG. 3) of a projection assembly 39-70 display contrast ratio. In the alternate arrangement, the 

attached to die faceplate 37-7 and bulb 31-0 of a CRT 40 liquid index is held low to match optics and die stray light 

preferably having gun 32-02 and operated in display system is picked up by an annular reflector or portions diereof and 

20-70 as described in FIG. 7. However, the projection eidier directed into photodiode 28-2a directiy or into a light 

assembly is applicable to all of the system embodiments as pipe system for transmission to the photodiodes 2b, 

described herein. The faceplate 37-7 is concave (opposite to One prior art method for generating a projection display 

normal curvature) and the SCTeen pattern 38-0 is on its inside 45 uses what has been known as an Eidophor light valve 

surface, the bulb bdng a break-away view only showing its projector using interference gratings in a Schlicren optical 

point of attachment The projection assembly. 39-70 is a system. In tins system, the light intensity transducer is the 

diagrammatic representation of the functioning of the basic scanned electron beam of a typical TV raster. The electron 

elements used and is not intended to show design detail of charge repulsion on a deformable scanned surface due to 

the elements or variations thereof which may be used by one 50 beam intensity variations controls the degree of interference, 

skilled in the art to achieve die objectives herein described. hence the amount of light allowed through die system. The 

The assembly elements are mounted in a housing 39-71 light source may be of very high intensity so Schlieren 

which is mounted to a CRT (not shown), making a seal to its projectors may be used for very large bright displays. They 

faceplate. Optical lens element 39-73, sealed to die mount, have been used to provide large, bright, full color displays, 

provides a cavity through which a transparent cooling liquid 55 including 1000 line high resolution versions by superimpos- 

39-72 is circulated (flow arrows) and externally cooled by ing the picture components from the separate red, greoi and 

known means (not shown). Lens, element 39-74 is held by blue projectors. There is also a more complex interference 

mounting means 39-75 and lens element 39-76 is held by system known as Iblaria invented by Wliam Glenn and 

mount 39-77. The lenses may be compound elements and requiring only one electron beam for color display. It has 

there may be intermediate elements to help perform correc- 60 evolved into a high performance medium size but expensive 

tions to be described. display. There has never been an attempt or even suggestion 

Elements 39-74 and 39-76 cooperate to provide zoom to use SCS indexing with such systems. SCS has low 

focusing and picture size adjustment, both elements being efficiency but works in the marmer of the embodiment to be 

axially translatable as shown by arrows at 3 and 4. This described using a preferred DCS embodiment 

range typically need only be within 1.5 to 1. The lenses also 65 FIG. 11 is a projection system 110-0 providing a large, 

at as a compound lens substantially reducing the assembly bright color display. It has a Schlieren projector 110-1, a 

lengdi firom what a single. lens would require and resulting projection lens 110-2 and a filter 110-3. The system will be 
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described wherein the output optics of 110-1 are designed to to form ray la and to the right to form ray lb. Similariy, ray 

project onto a conveniently close focal plane as shown. The 2 is bent to the right to form ray 2b and ray 3 is bent to the 

filter 110-3, also shown in plan view in FIG. lie, is located left to form ray 3a. Rays la-2b and ll>-3a converge (as 

at this focal plane. The focal plane could as well be an example) onto beam separator surfaces at interface 7. These 

equivalent image plane internal to the projector itself. It is s surfaces marked R and 6 form a cross which is comprised 

shown separate for purposes of clarity in explanation. The of surfaces 11-31 R and 11-31 B shown more clearly at the 

filler is a pattern of R, G and B optical filtering stripes having breakaway on the left and 11-32 R and 11-32 B on the right, 

the number of triads and size to fit the focal plane image size The surfaces conq)rise well known dichroic mirrors in which 

just as has been described for an equivalent phosphor surface R reflects red wavelengths and transmits all shorter 

pattern. The system 110-1 is different from the standard B/W lo wavelengths, and in which surface B reflects blue wave^ 

projector of such prior systems in that the B/W beam control lengths and transmits all longer wavelengths. Ray la may 

system is changed to one of the dynamic color separation now be traced through the system. At the 11-31 R surface its 

systems 110-4 which have been described herein. Hie light red component is reflected left where it strikes minor 

valve system then projects the separated color control to its suifece Ml and is deflected downward emerging through a 

correct color stripe just as is done by having the beam excite 15 lens 5R as the red component of la Ray 2h may be similarly 

the correct phosphor directly. The result is a much simplified traced, reflecting from 11-32 R and Ml. Thus, the red 

full color display capable of high resolution and using a spectrum of the illumination falling between rays 1 and 2 

single light valve projector. emerges to provide the red stripe of triad 21, The portion of 

FIG. 11 illustrates color separation action using a light la transmitted through the red dichroic strikes the blue 

filter such as that shown in RG. llo. That filter comprises 20 dichroic. The blue spectrum is reflected to M2, thence 

a patlem of stripes controlled to transmit the primary colors. downward. Similarly, ray 2fc has its blue component 

FIG. 11 is essentially a Schlieren system and is capable of reflected to M2 and downward, thus the blue illumination 

controlling a very strong source of illumination to provide a forming the blue stripe of triad 1-2. The green spectmm is 

large, high brightoess color display. The filter absoilDS a large transmitted through both the R an G dichroic surfaces and 

portion of the light energy and is, thus, inefficient. This 25 emerges as the green stripe of triad 12. Similar color 

inefficiency results in reduced output brightness and the separator action produces triad 1-3 of the section 11-36 as is 

filter is heated. Equivalent separation of the illumination typical of the full separator of FIG. lib, 

course into primary color components, thereby to replace the The embodiment of FIGS. 12 through 12c employs a 

filter, increases brightness and reduces heating. It is known single beam tube with triads transverse to a beam scan line 

to separate light firom a source into three separate beams, 30 and having corresponding beam control features as previ- 

each of which is a different primary color. In the present ously described with respect to FIG. 3. It will use the time 

application, however, the source must be separated into a divider chain 22 of FIG. 1 and as shown in FIGS. 2b and 2c. 

pattern of primary color beams having, preferably, many However, because this DCS method is not subject to beam 

triads of stripes oriented with respect to a preferred display width errors and, unlike Zworykin, its arrest is operated at 

axis and imaged on the dcfotmable light valve surface. Such 3S triad frequency, the master oscillator 22-02 of FIG. 26 may 

a separation has been described in U.S. Pat No. 3,595,990 operate at triad transversal time T and feed TPG 22-12 

for a camera application where the separated beams fall directly. The system can wodc with other described indexing 

directly onto a target surface of the separator. In the present APC methods, in particular, that described for FIG. 4 in 

invention, the separated pattern must be projected, and FIG. connection with FIG. 2h. An alternate preferred APC which 

Ub shows an improved color separation arrangement to 40 readily combmes with this DCS is tised in FIG. 12 and 

accomplish this purpose. provides the control signal to FC 22-01 to lock-in master 

FIG. Ub shows a partial cross section, taken peipendicu- oscillator 22-02. 

lar to the triad stripe direction, of the optical dements of a The input control signals required for the FIG. 12 embodi- 

color separator having a pattern comparable to the filter of ments are ramp drive DR (22-12), 2T (for index reversal 

FIG. Ua. A source of uniform while illumination enters the 45 applications). Ac. C, Y and CR. See FIGS. 2d an6 2e for 

separator 11-36 where it is focussed by an array of cylin- these last signals. The actual index signal pickup, circuitry 

drical lenses 4 into a pattern of stripes, each of which is split and behavior is as has been previously described to control 

into three primary components which exit via cylindrical not only the master oscillator, but A errors and line scan 

lens triplets 5. The separated output pattern is then imaged amplimde and centering. 

on the deformable surface of a light valve where dynamic or 50 Referring now to FIG. 12, the monochrome signal Ma' is 

SCS color separation is performed in the same maimer as has input via S, (21-128) to video drive amplifier 21-127 whose 

been described for FIG. 11 and equivalent direct view CRT output to the CRT Gl grid thereby modulates beam current 

displays. to produce the brightness output of the display. In this circuit 

FIG. lib shows ray traces of the sotirce illimiination M (usually equal signal level) may be modified (Ma) to 

through the separator for a typical triad. The separator has 55 provide a different beam amplitude for each primary, thereby 

two elements 11-31 and 11-32 which may be of equal index driving less eflScient blue harder, for example, or even 

of refraction and an optical cement of similar index may be accommodating other more extreme signal conditions as 

used to fill the small spaces between and seal them together. will be more fully described below. Pulse DR provides time 

Small V-shaped grooves 6 in 11-32 align the elements control of ramp generator 23-01 whose output RR couples 

precisely. The cylindrical lens elements 4 focus the illumi- 60 through drive amplifier 23-06 having composite output DD 

nation into narrow stripes at a color separator surface 7 at the which feeds beam deflection control means 35 to anest the 

interface between elements 11-31 and 11-32. The separated beam on successive stripes of the display format As previ- 

R, G and B beams then exist 11-32 through cylindrical ously described, APC action maintains the beam in respect 

lenses 5 which are designed to couple the outpm stripes into to each triad, and in this case, the action is to center the beam 

the follow-on optical projection lens. 65 within each phosphor stripe. The beam is under substantially 

The action may be understood by following peripheral continuous arrest, it being abruptly shifted to sticcessive 

rays 1, 2 and 3 through the system. Ray 1 is bent to the left stripes at time intervals corresponding to the required dis- 



06/28/2004, EAST Version: 1.4.1 



5,585,1 

37 

play color output and index intervals. It is the purpose of 
FIG. 12 to provide this dme propoitioning action which is 
derived from the S (or equivalent) and CR reference chromi- 
nance, signals. 

C and Y (or M) inputs to divider circuit 21-01 to generate 5 
an S signal have been described. What is required as input 
to activate the color sq)aration, etc. circuits of FIG. 12 is a 
set of primary color signal components as unitized accordmg 
to S. As noted above, the set need not be constant luminance 
Y or equal brightness M, but may be a set which we wOl lO 
designee Ma^sRa+GafBa wherein the individual ampli- 
tudes may be varied to account for such factors as behavior 
efBciencies of the system. Tb show a full set of features. FIG. 
12 starts with the input set being primaries, as above, whose 
generation and manipulation are well known. Ma input to is 
divider 21-121 produces output (1+Ac)/Ma which provides 
one inp\xt to multipliers 21-122. 21-123 and 21-124. The 
other input to miitiplier 21-124 is the red signal. The 
muldplier is configured to provide negative signal output It 
is the ratio of red to total brightness modulated in amplitude 20 
by Ac, A green ratio is similarly generated by M2(21-123) 
and a total ratio at 21-122. This last ratio may seem 
redundant since the result is only a constant modulated by 
Ac. However, dynamic signal divider drcuit suffer from 
distortions, limited frequency response and they reach an 2S 
overioad limit at low ii^ signal levels. The circuit shown 
provides the same treatment to each output signal, thereby 
substantially cancelling or equalizing these discrepancies. 
This method is piefrared also because the divider and 
multipliers do not have to respond to the 3.S8 MHz chromi- 30 
nance signal, but only to the lower response color signals. 
Although there is no fundamental limitation, state of the art 
divider/multiplier IC's do not meet the chrominance 
response requirement and a drcuit from basic parts becomes 
more elaborate than that described. 35 

The color signals arc each added to the ramp signal by 
summing resistors R,. and R3 cormected as shown to 
respective summing amplifiers 23-121, 23>122 and 23-123, ^ 
The an^lifier outputs are input to respective voltage coin- 
cidence or equivalent circuits 23-124, 23-125 and 23-126. 40 
The VC*s in this case are all shown as Schmitt triggers, but 
they could be other high speed logic gates having a transition 
reference level herein shown as zero voltage. The output 
transitions are summed into output driver 23-06 along with 
the APC signal and the arrest ramp RR. This completes the 45 
principal circuit function interconnections and their opera- 
tion is illustrated by the waveform diagrams FIG. 12a. 

Uming pulse DR initiates the reset cycle of ramp RR and 
establishes its cycle time corresponding to raster crossing of 
each triad. RR level is set at zero at time t=0. Addition of red so 
ratio signal -R at the input of 23-123 causes its output to 
start from a positive level and follow RR ou^ut negative. 
This reladotiship is shown — as it would correspond for 
direct addition of the input signals — by the dashed curve R 
under RR of FIG. 12a. When the resultant signal reaches 55 
reference level (zero), 23-126 output makes a very high 
speed negative transition at time t=ts which is proportional 
to red signal amplitude. At the end of the ramp cycle the 
level returns to its starting position and 23-126 returns to its 
low level. Summing amplifier 23-122 has inputs RR, -R and 60 
-G. Its action is the same as described but t(R+G) always 
occurs after t^ and the difiierence is t^ as shown. The signal 
into 23-121 being unity=>-(R+G+B) has the last transition 
time and the difference is t^. The resultant of adding these . 
transitions to ramp RR is shown by output waveform DD. 65 
Because both the color signals and the ramp are amplitude 
modulated by Ac, the acdon of Ac does not diange the . 
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transition times. But, as line scan sensitivity changes depen- 
dent on position on the format, Ac adjusts DD slope to 
always cause correct beam arrest as shown by the composite 
waveform of W+DD. It may now be noted that summing 
resistors R,, R^ and R, may be selected to generate a desired 
Ma whether the input color signals were derived, for 
example, £rom Y (constant luminance), M (constant bright- 
ness) or other source and to match to arbitrary phosphor 
soeen RGB characteristics desired. The beam is arrested on 
sequential color stripes; thus, for exanq»le, R at time t=0 for 
intervcd t/,. The red transition thea junq)s the beam to the G 
stripe during tc/The R4G transition then shifts to blue 
during t^ and die Ma transition shifts to the index stripe I 
during the remainder. It will next be noted that the stripe 
spacing may be of arbitrary width and the values of R4, R5 
and R6 chosen so that the transition a^^Jlitude3 match 
corresponding widths. Further, Ra, Ga and Ba may have 
different magnitudes such that, dependent on color output, 
die sum t,,, T^ and t^, need not be constant In this case, Xj 
varies to absorb the differential allowing flexibility in both 
beam I and chrominance T modulation. Next, it will be seen 
that at the I position the beam (30-0), if correctly positioned, 
is centered on the edge of index pattern 38-36. During this 
interval, ti, the output of trigger 23-124, is used to switch 
Sl(21-128).to a constant reference level VI which provides 
a constant beam current during the index interval. If the 
beam is not centered as described, the index output signal 
will increase or decease and this change provides the signal 
for AFC action. The method, may be changed to provide 
signal reversal as has been previously described using 2T, 
4T, etc., but this system also works well in the smgle sided 
version as shown. The use of guard bands 38-4 allows for 
error in beam positioning without beam hnpingement on 
adjacent phosphors. Hius color purity is less critical and 
beam widtii changes which occur with beam current modu- 
lation do. not affect chromaticity. 

Color output is determined by time modulation shifts of 
t/j, t^ and t^. An example is shown in FIG. 12fl at position 
1 where R (dotted) increases causing t^^ to increase and t^ to 
go to zero. Then red output is increased. Green is zero. Red 
and green transitions are simultaneous at position 2, so that 
the beam jumps from red over green to blue. When transi- 
tions are only one color, transition time is not critical. As for 
position 1, or in the case of producing a samrated primary 
color, when the transition would be across two stripes it is 
desirable tiiat beam current be cut off or substantially 
reduced. This is accomplished by differentiator 21-126 
which produces pulse 3. Pulse 3, DR, and composite or H 
and V blanking pulses are all fed into blanidng mixer 
21-125. It provides a signal to the CRT cathode which blanks 
the beam during all of these intervals. 

It will be apparent from the above description tiiat if the 
conditions and reasons stated for use of multiplier 21-120 
were to be eliminated, then 21-122, 23-121. 23-124 and 
associated circuitry m^ be eliminated. Bhie output is 1-R-G 
and tj would be generated as a fixed time pulse. 

The use of die color sequence RGBGRGBG, etc. for a 
DCS example has beeii" explairied in FIG. 5. This typ^ 
configuration also has advantage in high resolution applica- 
tions such as HDTV and for such application as the projec- 
tion sets of FIGS. 10 and 11. Hie basic system of FIG. 12 
may be readily adapted and this is shown in FIG. 12^. The 
simplified version described above is presumed. The signals 
are as taken from the multiplier outputs and having the 
relative amplimde ratios as given. The circuit section shown 
is just the three summing amplifiers 23-121, 122, 123, since 
the rest of the circuitry is as has been described. The 
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corresponding stripe sequence including index stripes is 
IRGBFIRGBGIR. etc and the ramp cycle recurs at each 
index stripe. This is shown by the DR, RR and fixed 
indexing pulse DI timing waveforms FIG. 12c. A green 
stripe occurs twice per cycle. Accordingly, one half the G 5 
signal is allocated to each. This is accomplished by doubling 
the resistance of R2 in comparison to what its value would 
be in FIG. 12. The coupling network of Rl, R2 and R3 
resistors then provides the required RGBG offsets. I offset 
may be fixed by RR bias level. The double frequency of 0 to 
which contains most luminous output provides higher appar- 
ent resolution since it is nearest while response. Tht color 
separation frequency, as exemplified by the arrest ramp, is 
substantially lowered from what would be required by FIG. 
12 and stripe width can be increased by the reduction in their 15 
number. 

It will be apparent to one skilled in the art that further 
pattern variations can be made similar to and for reasons as 
has been described in connection with the prior figures of 
this application. Other modifications within the scope of the 20 
appended claims will be apparent to those of skill in the art 

I claim: 

1. A CRT having a phosphor screen, said phosphor screen 
having a pattern of triads of primary color stripes and an 
electron beam forming structure for generadng an electron 25 
beam and impingement control of said; in reladon to the 
color stripes of a said triad at each pixel of said screen for 

at least one electron beam group comprising: 
an electron emissive cathode, 

a multi-aperture Gl grid structure wherein the Gl grid for ^ 
each said beam group has a plurality of apertures for 
generating a plurality of electron beams for formirig an 
electron beam group, in which grid structure said 
apertures arc sized and spaced such that a plurality of 
energy distributions of said electron beams overlap and 
combine to provide a shape and size, of an impinge- 
ment pattern of the beam group, said impingement 
pattern sh^e and size being means for precisely match> 
ing a shape and size of a primary color stripe at said 
pixel, when the beam group is focused on said output ^ 
screen surface, 

a G2 electrode structure having an E^rture pattern cor- 
responding to said multi-aperture Gl grid structure and 
arranged to provide an electric field to provide a beam 
accelerating voltage to said electron beam group, 

means for focusing the electron beam group, and 

an output anode electrode of an electron gun portion of 
said beam forming structure for accelerating said elec- 
tron beam. 50 

2. A CRT electron beam forming strucmre according to 
claim 1 wherein said cathode has at least one grooved 
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surface matching an oudine of said Gl grid having a 
plurality of apertures, said grooved surface selected to 
provide substantially uniform cathode enussion over the 
grooved area. 

3. A CRT electron beam forming stracture according to 
claim 1 wherein the electron emission area of said cathode 
is confined to limit peripheral electron emission through 
each said plurality of apertures. 

4. A CRT electron beam forming structure according to 
claim 1 wherein said electron beam focusing means com- 
prises an electronic lens electrode acting in conjunction with 
said output anode electrode to form an electrostatic beam 
focusing field, magn^c means for forming an axial mag- 
n^c focus field, said electron beam focusing means and said 
magnetic means being operative to provide beam focus at 
said screen. 

5. A CRT electron beam forming structure according to 
claim 4 wherein said magnetic means includes at least one 
permanent magnet 

6. A CRT electron beam forming structure according to 
claim 5 wherein a permanent magnet comprises a thin 
annular ring structure sandwiched between front and rear 
sections of a magnetic core of a beam deflecting yoke. 

7. A CRT electron beam forming stmcture according to 
claim 1 wherein said electron beam, forming structure 
includes: 

a central axis of die electron beam group; 

a third electrode structure following said G2 electrode 
structure and synunetrically placed about the central 
axis of said electron beam group for operating at 
potentials to control displacement and divergence of 
said beam impingement across said triad of primary 
color stripes. 

8. A CRT electron beam forming structure according to 
claim 7 wherein said electron beam forming structure gen- 
erates three electron beam groups matching said three pri- 
mary color stripes, wherein said third electrode structure has 
four electrodes positioned one each side of each beam groi^ 
and wherein differential potentials between said inside and 
said outside electrodes causes convergence of said outside 
beam. 

9. A CRT electron beam forming stmcture according to 
claim 7 wherein said electron beam forming structure gen- 
erates a single electron beam or multi-aperture beam group, 
wherein said third electrode stmcture comprises an electrode 
each side of said single beam or beam group operative at or 
near cathode potential, wherein a differential voltage caijses 
minor beam deflection and a common mode voltage aids 
beam width control. 

* 4c * m * 
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